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GEORGE GRANT HEDGCOCK 
1863-1946 
PERLEY SPAULDING 


The death of Dr. George Grant Hedgecock on May 11, 1946, made another 
gap in the thinning ranks of the pioneer plant pathologists of this country. 

He was born at Augusta, Illinois, October 5, 1863, one of six children 
of Barnett and Sarah Lutitia (Haines) Hedgecock. In the general move- 
ment westward of many families from the region east of the Mississippi 
River, the Hedgcocks migrated and settled on a farm at Nora, Nebraska, 
where George got his early schooling. After five years on the farm he 
taught public schools from 1882 to 1891, and was principal in the graded 
schools of Oak and Ruskin, Nebraska, from 1891 to 1895. 

He married Laura Ladell Merrill in 1892. She is still living, as are 
the three children, Mrs. Ruthe Elaine Stevenson, Leland Merrill, and Mrs. 
Margaret Delletta Church. 

He began his college work in 1895, at the University of Nebraska at a 
considerably more advanced age than most students, taking his B.S. in 1899 
and A.M. in 1901. While at the University of Nebraska he had the stimu- 
lating training of Charles E. Bessey in laboratory methods and technique 
in plant pathology, and worked under F’, E. Clements on the water relations 
of plants (2). In 1906 he was given the degree of Ph.D. by Washington 
University at St. Louis. 

It is difficult for younger workers to realize the meagerness in the early 
1900’s of our knowledge of the fungi causing diseases of plants. Ellis, 
Peck, and others were making numerous new species, and a great many cor- 


rectly, according to our present standards. It was distinctly a time of 
reconnaissance by mycologists, and even more so by pathologists working in 


our fields and forests. One could expect to find legitimate new species in 
almost any new field of careful work. In such a time of intense interest 
for the appreciative mind, Hedgecock began his scientific work. 

In his last years at the University of Nebraska he began investigation 
of sugar-beet diseases, a serious problem with the then young industry in 
Nebraska (1,4). He discovered a bacterial disease of beets which was later 
further investigated by Haven Metcalf (3). In 1901 he was appointed 
scientific aid in the United States Department of Agriculture and began 
work at Lincoln, Nebraska, on the sugar-beet diseases. In July, 1902, he 
was called from Nebraska to St. Louis as assistant in pathology on the staff 
of the Mississippi Valley Laboratory of the recently organized Bureau of 
Plant Industry in the United States Department of Agriculture. Here he 
worked on a number of vegetable diseases, but most intensively on crown 
gall and hairy root of apple (5) and grape (10). He became convinced 
that bacteria were the causal agents, but failed to locate the exact tissue 
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infected. He worked out a practical method of wrapping root grafts at 
the nurseries, that decidedly reduced the amount of infection (6,11). Ex- 
tensive inoculation experiments indicated that crown gall of various plants 
is intercommunicable and presumably caused by a single organism (8). His 
field tests showed the disease to be destructive to grape (10), but much less 
so to the apple (8). 

In 1903, he became interested in the fungi causing stain of sapwood in 
lumber, his first entry into the field of forest pathology. He published the 
first comprehensive account of these economically important fungi (7). 
Continuing some tentative experiments by H. von Schrenk, he began at- 
tempts to control sap stain by dipping freshly cut lumber in water solutions 
of chemicals, of which borax and sodium bicarbonate have found some com- 
mercial application. Later similar tests were made with basket veneers 
(12, 43). 

In 1907, the Mississippi Valley Laboratory was discontinued and the 
Office of Investigations in Forest Pathology organized in Washington, D. C., 
with Haven Metealf as chief. Hedgecock was transferred to the staff of the 
new organization with Metcalf and Spaulding. This reoriented the work 
from general pathology in the Mississippi Valley to strictly forest pathology 
covering the entire country. He conceived and energetically conducted for 
a number of years a disease survey of the National Forests. In this he 
explored as many of the National Forests as means of travel would permit, 
making copious collections that facilitated laboratory study and permitted 
distribution of duplicates. On one occasion, after receipt of unusually 
abundant collections, on his return from the field he was called: into his 
chief’s office. There, he was told, with an apparent severity but with a 
twinkle in the eye, ‘‘George, I sent you out to collect fungi, not to eradicate 
them.’’ <A favorite saying of his was, ‘‘The time to collect is when collecting 
is good.’’ Over the years he built up a large study collection, numbered, 
arranged, and indexed to facilitate ready reference. He also contributed 
indefatigably to the card index of literature on forest pathology. His early 
contacts with the personnel of the National Forests helped to pave the way 
for the permanent location of forest pathologists at several of the Forest 
Service Regional offices and, somewhat later, at some of the Forest Experi- 
ment Stations, to work on critical forest disease problems of their regions. 
The general results of this survey work were summarized very briefly in two 
series of papers; one on the trunk rots (14), and the other on the stem and 
leaf rusts (16). Later, he summarized some of his results in a paper on the 
fungi found causing diseases in conifers (42) and another on the forest 
fungi found in the southeastern States (50). Although he collected the 
destructive mistletoes extensively (18), partially revised them in his collec- 
tions, and did some cross inoculation work (32), he published little on them. 

Early in his disease survey work he became intensely interested in the 
rusts, which are so generally distributed on the conifers of the entire coun- 
try. The life history of many was still unknown and presented a fascinat- 
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ing field for experimentation. This, he began in 1908, and continued over 
the years with the collaboration of W. H. Long, N. Rex Hunt, G. G. Hahn, 
and Ellsworth Bethel at various times. The alternate stages of the follow- 
ing rusts were first proved by cross inoculations, usually repeated many 
times on numerous hosts and through several generations : Cronartium coleo- 
sporioides (Diet. & Holw.) Arth. (17), Cr. comandrae Peck (21), Coleo- 
sporium delicatulum (Arth. & Kern) Hedge. & Long (19), Col. ineon- 
spicuum (Long) Hedge. & Long (19), Col. ele phantopodis (Schw.) Thiimen 
(27, 37), Col. ipomoeae (Schw.) Burr. (28), Col. terebinthinaceae (Schw.) 
Arth. (29, 31), Col. helianthi (Schw.) Arth. (30), Col. mimutum Hedge. & 
Hunt (35), Col. apocynaceum Cke. (35). 

Rust on pine cones in the southern States was found to be widely dis- 
tributed and loeally plentiful. His studies proved that the alternate hosts 
were species of Castanea and Quercus and indicated that there were two of 
these cone hypertrophying species that were named Cronartium strobilinum 

Arth.) Hedge. & Hahn and Cr. conigenum (Pat.) Hedge. & Hunt (36), 
and were entirely distinct from the stem gall rusts with which they had been 
confused. <A series of papers on the rusts was published in later years on 
the results of numerous cross inoculations (37); key to aecial stages of 
Coleosporium (39) ; distribution of the Coleosporiums (44, 47, 48, 51) ; com- 
parative inoculation data of the known five pine-oak Cronartium species or 
forms when inoculated onto Castanea and related genera (49) ; comparative 
eross inoculations of Cr. cerebrum Hedge. & Long and Cr. fusiforme Hedge. 
& Hunt (22); on Cr. comandrae (24, 25); and on Tuberculina maxima 


Rostrup (45). He had a leading part in the important accomplishment of 
determining that the native pinon blister rust Cronartium occidentale 
Hedge., Bethel & Hunt is distinct from the introduced Cr. ribicola Fischer 

4 He was the principal contributor of data to a most useful paper, 


‘Host Relationships of the North American Rusts, other than Gymnospo- 
rangiums, Which Attack Conifers’’ (33). 
In a period of reconnaissance work, from which forest pathology has by 
no means yet fully emerged, he made known numerous serious tree diseases 
+() He discovered Polyporus amarus, the cause of the brown pocket rot 
of incense cedar (9), and Dothichiza populea Sace. & Briard, chiefly on 
Lombardy poplar in this country (26, 38). He called attention to the brown 
leaf spot of southern pines, a serious growth inhibitor of young seedlings 
4] Much work was done on various rots in living forest trees (15, 23), 
ending with an extensive field study of decays in oaks, yellow poplar, and 
basswood, which was prepared for publication by G. H. Hepting (46). 

He became interested early in the effects of smelter fumes on the vegeta- 
tion of the vicinity. He learned the characteristic symptoms of the injury 
to leaves of trees and shrubs as compared with climatic injuries (13, 20), 
and made extensive collections. Because he was the only available authority 
on the subject, he was continued on duty by presidential order for three 
years after reaching retirement age, to assist in the settlement of damage 


claims against the smelter at Trail, British Columbia. 
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He continued active field work in the southern states for a number of 
years after final retirement, and worked over his collections quite regularly 
until his health failed, in 1941. He published 112 articles and bulletins, of 
which only the most significant ones are given in the appended list. Hedg- 
cock was a man of great energy, with keen visual perception, and was very 
enthusiastic in his scientific work. He worked extensively and covered an 
immense territory, yet he worked intensively culturing the wood-staining 
fungi and rusts. He had the faculty of making his experimental plants 
thrive. In fact, his hobby at home was growing flowers. 

He was a fellow of the American Association for the Advancement of 
Science ; and member of the American Phytopathological Society, Botanical 
Society of America, Washington Botanical Society, Mycological Society of 
America, Cosmos Club, Sigma Xi, Masonic Fraternity, and Presbyterian 


Church. 


SOME OF THE MORE SIGNIFICANT PUBLICATIONS OF WHICH DR. HEDGCOCK 
WAS AUTHOR OR CO-AUTHOR 


1. Nebraska sugar beets. Omaha Trade Exhibit 12: 22. 1901. 
2. The relation of the water content of the soil to certain plants, principally mesophytes. 
Univ. of Nebr. Seminar, Bot. Survey Nebr. 6, 79 pp. 1902. 
3. Eine durch Bakterien verursachte Zuckerriibenkrankheit. Ztschr. Pflanzenkr. 12: 
321-324. 1902. (With HAVEN METCALF.) 
4. Proof of the identity of Phoma and Phyllosticta on the sugar beet. Jour. Mycol. 
10: 2-3. 1904. 
5. The crown-gall and hairy-root diseases of the apple tree. U. 8S. Dept. Agr., Bur. 
Plant Indus. Bul. 90(2): 1-7. 1905. 
6. The wrapping of apple grafts and its relation to the crown-gall disease. U.S. Dept. 
Agr., Bur. Plant Indus. Bul. 100(2): 1-12. 1906. (With HERMANN VON 
SCHRENK. ) 
7. Studies upon some chromogenic fungi which discolor wood. Mo. Bot. Gard. Rpt. 
17: 59-114. 1906. 
8. The cross-inoculation of fruit trees and shrubs with crown-gall. U. 8. Dept. Agr., 
Bur. Plant Indus. Bul. 131(3): 21-23. 1908. 

9. A new polypore on incense cedar. Mycologia 2: 155-156. 1910. 

10. Field studies of the crown-gall of the grape. U. 8. Dept. Agr., Bur. Plant Indus. 
Bul. 183. 1910. 

11. Field studies of the crown-gall and hairy-root of the apple tree. U.S. Dept. Agr., 
Bur. Plant Indus. Bul. 186. 1910. 


12. Prevention of mould. Barrel and Box 16(4): 35. 1911. 
13. Winter-killing and smelter-injury in the forests of Montana. Torreya 12: 25-30. 
1912. 


14. Notes on some diseases of trees in our National Forests. Phytopath. 2: 73-80. 
1912; 3: 111-114. 1913; 4: 181-188. 1914; 5: 175-181. 1915. 

15. Preliminary notes on three rots of juniper. Mycologia 4: 109-114. 1912. (With 
W. H. LONG.) 

16. Notes on some western Uredineae which attack forest trees. Mycologia 4: 141-147. 
1912; Phytopath. 3: 15-17. 1913. 

17. The Cronartium associated with Peridermium filamentosum Peck. Phytopath. 2: 
176-177. 1912. 

18. Notes on diseases of trees caused by mistletoes. Jour. Washington Acad. Sci. 3: 
265-266. 1913. 

19. Notes on cultures of three species of Peridermium. Phytopath. 3: 250-251. 1913. 
(With W. H. Lona.) 

20. Injury by smelter smoke in southeastern Tennessee. Jour. Washington Acad. Sci. 
4: 70-71. 1914. 

21. The alternate stage of Peridermium pyriforme. 3 pp. 1914. Privately printed. 
(With W. H. Lona.) 

22. Identity of Peridermium fusiforme with Peridermium cerebrum. Jour. Agr. Res. 
[U.S.] 2: 247-249. 1914. (With W. H. Lona.) 


< 
J 
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Heart-rot of oaks and poplars caused by Polyporus dryophilus. Jour. Agr. Reg, 


\ 


U.S.] 3: 65-78. 1914. (With W. H. Lona.) 


disease of pines caused by Cronartium pyriforme. U. 8S. Dept. Agr. Bul. 247, 


1915. With W. H. Lone.) 


vo new hosts for Peridermium pyriforme. Jour. Agr. Res. [U.S.] 5: 289-290, 


1915. (With W. H. LONG.) 


Dothichiza populea in the United States. Mycologia 8: 300-308. 1916. (With 


\ 


st relat 


N. R. Hunt. 
aecial stage of Coleosporium elephantopodis. Phytopath. 7: 66-67. 1917. 
With W. H. LONG.) 
Peridermium belonging to Coleosporium ipomoeae. Phytopath. 7: 67. 1917, 
With N. R. Hunt. 
Peridermium belonging to Coleosporium terebinthinaceae. Phytopath. 7: 67, 
1917. With N. R. HunT.) 
alternate form for Coleosporium helianthi. Phytopath. 7: 67-68. 1917. (With 
species of Peridermium. Mycologia 9: 239-242. 1917. (With N. R. Hunv.) 


es on Razoumofskya campylopoda. Phytopath. 7: 315-316. 1917. (With N. R. 


HUNT. 
tionships of the North American rusts, other than Gymnosporangiums, which 
attack conifers Phytopath. 8: 309-352. 1918. (With A. S. RHoADs, ELLs- 
VORTH BETHEL, and CARL HARTLEY. 
on blister-rust. Jour. Agr. Res. [U.S.] 14: 411-424. 1918. (With ELLSwortH 
BETHEL and N. R. HUNT. 
species and relationships in the genus Coleosporium. Mycologia 12: 182-198, 
1920 With N. R. Hunt and G. G. HAHN. 
important pine cone rusts and their new cronartial stages. Part I. Cronartium 
strobilinum Arthu Hedge. and Hahn, comb. nov. Phytopath. 12: 109-116. 


1922 With G. G. HAHN. Part II. Cronartium conigenum (Pat.) Hedge. 
d Hunt, comb. nov. Phytopath. 12: 116-122. 1922. (With N. R. Hunt.) 
on some species of Coleosporium. Mycologia 14: 244-257. 1922; 14: 297- 
0. 1922; 25: 392-396. 1933. With N. R. Hunv. 

chiza populea and its mode of infection. Phytopath. 17: 545-547. 1927, 
to the known aecial forms of Coleosporium occurring in the United States and 
list of the host species. Mycologia 20: 97-100. 1928, 


irge leaf spot of chestnut and oak associated with Monochaetia desmazierii. 
Mycologia 21: 324-325. 1929. 


ria acicola and the brown-spot disease of pine needles. Phytopath. 19: 993- 


tes on the distribution of some fungi associated with diseases of conifers. U.S. 


gr., Plant Dis. Rptr. 16: 28-42. 1932. 
f wood-staining in basket veneers. Jour. Forestry 31: 416-420. 


s on the distribution 


f some species of Coleosporium in the United States and 
adjacent regions U. S. Dept. Agr., Plant Dis. Rptr. 17: 20-27. 1933. 
s on the occurrence of Tuberculina maxima on the aecia of Cronartium cerebrum. 
Phytopath. 25: 1117-1118. 1935. 

in merchantable oak, yellow poplar, and basswood in the Appalachian Region. 
U.S. Dept. Agr. Tech. Bul. 570. 1937. (With G. H. HEPTING. 


tes on the occurrence of Coleosporium crowellii Cummins in the United States. 


U.S. Dept. Agr., Plant Dis. Rptr. 23: 133-134. 1939. 
es on the occurrence of Coleosporium in the southeastern United States during 
1938 and 1939. U.S. Dept. Agr., Plant Dis. Rptr. 23: 268-277. 1939. 


tes on North American pine-oak species of Cronartium on Castanea, Castanopsis, 


ind Lithocarpus. Phytopath. 29: 998-1000. 1939. 


tes on the distribution of fungi collected in the southeastern United States in 1938 


and 1939. U.S. Dept. Agr., Plant Dis. Rptr. 24: 320-325. 1940. 


ites on Coleosporium jonesii (Pk.) Arthur. U.S. Dept. Agr., Plant Dis. Rptr. 25: 


244-2949, 1941. 














ALTERNARIA LEAF BLIGHT OF HEVEA RUBBER TREES 
W, se. MAaAseras 
(Accepted for publication March 31, 1947) 


An undescribed leaf blight of Hevea brasiliensis (H.B.K.) Muell. Arg. 
was observed in a budwood garden on the Campo Experimental de Hule at 
El Palmar, Veracruz, Mexico, in early April, 1946. Considerable defoliation 
was occurring in a plot of clone GA-1279. Several other clones in the garden 
were not affected by the disease and the blight was of little or no importance 
on any of the 135 other clones on the station. Relatively little infection was 
observed in Hevea seedling nurseries; however, an occasional plant was 
defoliated. 

SYMPTOMS 

When young leaves of GA-1279 are heavily infected, partial or entire 
defoliation occurs early in the development of the leaf cycle. Such leaves 
have a scorched appearance. Infected leaves which develop to maturity may 
have brown, concentrically zonate spots in between the veins of the leaf, or 
somewhat elongate spots along the main veins. Many of the infected leaves 
which reach maturity have dead distal portions. Leaves as heavily infected 


as those shown in figure 1 ordinarily are lost before they mature. 


ETIOLOGY 


An Alternaria was commonly associated with the blight, and inoculation 
experiments were made with spores from diseased leaves and later with 
spores from pure cultures of the fungus. Typical blight symptoms devel- 
oped on young leaves of clone GA-1279 within 6 days after artificial inocula- 
tions were made, and defoliation occurred on most of the inoculated plants. 
Leaves up to 3 or 4 days old were the most susceptible; leaves older than 10 
days did not become infected even though injured by pricking with a needle. 

A search for possible other hosts of the fungus was made in the vicinity 
of the infected gardens, but none were found. 

The Fungus. No records of the occurrence of parasitic species of Alter- 
naria on Hevea were found. Although detailed comparative studies of the 
fungus have not been made, it does not seem to fit into any of the species of 
Alternaria described by Groves and Skolko? and by Neergaard.® 

The following observations on the fungus have been recorded. Sporula- 
tion on the host is moderate to abundant ; the conidia are formed either singly 
or in short chains. The conidiophores are 50-200 x 4-6 y. The conidia are 
50-106 x 10-17 ,, and have 3-9 transverse septa and 0-3 longitudinal septa. 


1 Pathologist, Division of Rubber Plant Investigations, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research Administration, U. 8S. Depart- 
ment of Agriculture. 

2 Groves, J. W., and A. J. Skolko. Notes on seed-borne fungi. II. Alternaria. 
Can. Jour. Res. (C) 22: 217-234. 1944. 

’ Neergaard, P. Danish species of Alternaria and Stemphylium. Einar Munksgaard 
Publisher. Copenhagen. 560 pp. 1945. 
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Fie. 1. Alternaria leaf blight of Hevea brasiliensis. Two naturally infected leaflets 
ne GA-1279, which were dropped before reaching maturity. x 2/3 approx. 


The fungus was readily cultured on potato-dextrose agar on which it pro- 


duced a grayish, fluffy, mycelial growth, but in our tests sporulation did not 





CONIDIOPHORES CONIDIA 


Fic. 2. Conidiophores and conidia of Alternaria sp. on Hevea brasiliensis. x 380. 
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occur on this medium even after 4 weeks. When mycelium from potato- 
dextrose agar was transferred to plain water agar a few spores were pro- 
duced within 5 to 10 days. Conidiophores and conidia from Hevea leaves 
are shown in figure 2. 


A HOMOPTERA IN RELATION TO THE BLIGHT 


An infestation by a homopterous insect (Tomaspis inca Guer.*) was 
observed in the nursery and budwood gardens at El Palmar in June, 1946. 
At this time the blight was observed spreading into a plot of clone GV-42 
which had been uninfected previously even though it was adjacent to the 
heavily infected plot of GA-1279. An experiment was made to determine 
the possible relation of this insect to the sudden attack of Alternaria blight 
on clone GV-42. Cheesecloth cages were placed over 8 plants of GA-—1279 
and 8 plants of GV-42. These plants were selected so that each had new 
leaves just forming and without evidence of infection. Two caged plants 


TABLE 1.—Disease symptoms on leaf flushes of clones GA-—1279 and GV—42 seven 


days after treatment with Alternaria sp., Tomaspis inca, and a combination of the 2 


organisms 


Disease symptoms on: 


Treatment 
GA-1279 GV-42 
None—control None None 
Alternaria alone Typical blight None 
Insects alone Insect punctures Insect punctures 
Alternaria plus insects Typical blight (heavy) Typieal blight (light) 


of each clone were given the following treatments: 1. No treatment—con- 
trol. 2. Alternaria spores atomized on young leaves. 3. Ten adult insects 
(Tomaspis inca) added to the cages. 4. Ten adult insects added to the cages 
and Alternaria spores atomized on the young leaves. The insects used in 
the experiment were obtained from an isolated nursery where Alternaria 
blight was not present. They started feeding on the tender leaves and 
petioles of the plants soon after they were added to the cages. The results 
are given in table 1. 

Additional inoculation tests proved that GV-42 could be infected by 
spraying Alternaria spores on young leaves previously injured by pricking 
with a needle. The results given in table 1 show that Alternaria can pene- 
trate and parasitize the leaves of clone GA—1279 without the aid of insect 
or mechanical injury, but insect injury results in more severe symptoms. 
On the other hand, clone GV—42 apparently is resistant to the Alternaria 
and some injury to the leaf tissues is necessary to insure even light infection. 
Relatively few leaves were lost in clone GV—42 as a result of insect plus 
Alternaria damage. 

Weekly spraying with copper fungicides promised successful control of 


4 Identified by Louise M. Russell, Bureau of Mntomology and Plant Quarantine, 
United States Department of Agriculture, Washington, D. C. 
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the blight in clone GA-1279. No control measures were deemed necessary 
in other clones. 
SUMMARY 
A leaf blight of Hevea brasiliensis is described and the causal organism 
established as a species of Alternaria. The blight was severe only on clone 
GA-1279: other clones growing at El Palmar, Veracruz, Mexico, were re- 
sistant to the blight. Slight infection developed on clone GV-42 which had 
been infested with an insect, Tomaspits inca. 


U.S. DEPARTMENT OF AGRICULTURE. 


























AN ANATOMICAL STUDY OF CROWN-GALL TUMORS ON THE 
HIMALAYA GIANT BLACKBERRY (RUBUS PROCERUS) 


S. G. JONES 
(Accepted for publication May 1, 1947) 
INTRODUCTION 


Material of the Himalaya giant blackberry, showing natural infection of 
the stem with crown-gall disease, proved to be very suitable for a study of 
the type of gall caused by Bacterium tumefaciens on various species of 
Rubus. The organism was easily isolated from the surface of these so-called 
sub-aerial galls. 

It is not intended in this brief account to review the extensive literature 
on crown gall, nor to trace the development of the galls on inoculated ma- 
terial, as this has been done, on other hosts, by numerous authors (1 through 
10). 

As certain features concerned in crown-gall formation are revealed with 
unusual clearness in the Himalaya blackberry, advantage has been taken in 
the present study to bring these out by means of large-scale drawings which 
have been compounded from numerous sketches made to seale with the 
camera lucida. 

In these representations of the mature gall structure, the most prominent 
features, which as far as the writer is aware, have not previously been em- 
phasized, are (a) the part played by certain lignified increments to the 
medullary rays in the disruption of the woody axis of the host, (b) the 
formation of an ‘‘intrusive parenchyma”’ in the disrupted axis, and (c) the 
distribution at various places within the gall of numerous meristematic zones 
which may all be traced to the pericycle. 

A transverse section of the stem of this species of blackberry shows the 
axial cylinder to consist largely of thick-walled fibers, together with a smaller 
amount of tracheids and of much wider vessels (Fig. 1). The primary 
medullary rays are prominent throughout their entire radial length, par- 
ticularly in the phloem by reason of their strongly lignified tracheids in this 
tissue. As the parenchyma of the rays passes into the pith the cells increase 
in size and the bulky medulla consists of two kinds of cells, both with cellu- 
lose walls, the one large, with scanty protoplasmic contents, the other small, 
pitted, and apparently empty, arranged in compact groups regularly dis- 
tributed amongst the larger parenchyma. The secondary phloem is of the 
usual structure. 

Groups of pericycle fibers, thick-walled and lignified, stand out promi- 
nently over the vascular bundles (Figs. 2, 3). But the outer one or two 
layers of the pericycle, consisting of regular rectangular cells with thin 
cellulose walls, are immediately noticeable in the preparations as they form 
a more or less continuous sheath around the entire stele (Fig. 2). The im- 
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Fic. 1, Trans. section of stem, showing general plan of host and gall tissues. Inset, 
in circle, section of cane showing entire gall in relation to the axis. The large-scale draw- 
ing is taken from right-hand portion, at junction of gall and stem. (A) the outer layers 
of the pericycle, becoming meristematic. (B) the cortical host tissues. (C) the outer 
pericyelic cambium fanning out into the gall to form secondary parenchyma (See figure 4). 

D) the thick-walled tracheids of medullary ray, added to from above by the pericyclic 
cambium; note the torn phloem and cavities, and erystals; the deep dent in the surface of 
the axial cylinder opposite the medullary ray. (E) displaced vascular bundle. (F, G) 
tracheids and fibers, developed probably from medullary ray and cambium, sweeping out 
into the base of the gall. (H) intrusive parenchyma (See figure 5). 
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portant function of these layers of the pericycle in gall formation has been 
pointed out by numerous authors. In the present account these outer cells 
of the pericycle are called the ‘‘outer pericyclic cambium’’ for it is evident 
from the preparations that similar cells immediately below the groups of 
pericycle fibers may also become meristematic during gall formation, and 
these are referred to here as the ‘‘inner pericyclic cambium’’ (Fig. 3, A). 
The activities of these two pericyclic cambiums are discussed below. To 
complete the description of the stem tissues, there remain to mention the 
cortical region, consisting of a zone of thin-walled parenchyma of variously 
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differentiation of the outer and inner pericyclic cambiums. (A) cuticle and epidermis. 
(B) collenchyma, (C) seat of the phellogen, (D) cortex of large and small cells. (E) 
the outer pericyelic cambium. (F) thick-walled fibers of the pericycle. (G) inner peri 
cylic cambium; note zone of crushed, phloem-like tissue below. (H) the end of a medul 
lary ray, with pitted tracheids above, formed from outer pericycle; note similar tracheids 
amongst pericycle fibers to the left (See figure 4, B). (J) as for (G). 


Fic. 2. Trans. section of portion of stem near a gall, showing the outer tissues, and 


shaped cells, a feebly active phellogen between it and a more or less continu- 
ous belt of collenchyma and, finally, the epidermis covered by a thick cuticle 
(Fig. 2). 
GALL DEVELOPMENT 

Infection presumably having occurred through a wound (as is always 
the case in crown-gall infection) in the surface of the stem, the stimulus to 
gall formation appears to affect first the outer layers of the pericycle so that 
they become meristematic, and hence are called here the outer pericyclic 
ecambium. The cells of this cambium, which as already stated surround the 
entire stele, divide tangentially when they pass over the ends of the medul- 
lary rays, in the vicinity of gall formation, and the cells formed from them 








616 PHYTOPATHOLOGY | Vou. 37 


inwardly are added to the radial length of the medullary rays in the phloem, 
Most of these new cells are immediately converted into lignified tracheids; 
sometimes, two or more such cells together become incorporated within a 
common lignified wall (Fig. 3, B). With the continued formation of these 
new tracheids, prominent wedges of lignified tissue, having their thin ends 
impinging on the solid axial cylinder, are developed in the phloem. With 
the addition of these increments over the ends of the medullary rays, it 
follows that there is much distortion of the rays themselves with considerable 
tearing of the delicate tissues of the phloem in the vicinity. These features 
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Fic. 3. Trans, section of portion of stem, showing the outer and inner pericyelic 
cambiums, the latter in active formation of parenchyma to replace the torn phloem below. 
A) regular radial arrangement of the new phloem parenchyma. (B) tracheids over the 
end of a medullary ray, some of which have been formed by the inner pericyclie cambium; 
note the five tracheids still showing thin cross walls, indicating derivation from a cambium. 
are accompanied by much deposit of crystals, probably of calcium oxalate, 
a similar appearance being also described by Riker (5) in his study of gall 
on the stem of tomato. 

[t appears to be the function of the inner pericyclic cambium to compen- 
sate for the damage done to the phloem, for the radial rows of parenchyma 
formed by it are in no way distinguishable from normal phloem. It is, of 
course, difficult to say whether these innermost cells of the pericycle are 
actually not those of the protophloem or the phloem itself, but the prepara- 
tions show that the meristematic cells are close to the fibers, and crushed 
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protophloem-like cells may be seen at an appreciable distance below (Fig. 
2,G). Insome cases there is evidence that the inner pericyclic cambium is 
capable of forming not only new phloem-like parenchyma, but also lignified 
tracheids in the same way as the outer pericyclic cambium, above mentioned, 
and such tracheids may be laid down both over the ends of the medullary 
rays and over the recently formed phloem-like parenchyma. It is clear, 
therefore, that the cells of the pericycle, whether external or internal to the 
fibers, under stimulation of host infection, are so endowed with meristematic 
powers as to form new tissues, lignified or parenchymatous, irrespective of 
their ultimate position in relation to the pericycle fibers. 
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Fic. 4. Trans. section of portion of stem near junction of gall and stem. The 
tissues curving to the right are the stem epidermis, with crushed collenchyma and cortex. 
(A) the outer pericyclic cambium forming regular rows of parenchyma externally. (B) 
some fibers of the pericycle which have become separated probably by pressure of the 
cambium above; such gaps may become filled with tracheids (See figure 2). At (C) the 
secondary parenchyma derived from (A) has fanned out into the gall and, within it, 
three cambial ares have become differentiated, forming secondary parenchyma towards 
both sides. 


A striking feature following upon the accumulation of lignified tracheids 
over the ends of the medullary rays, as above described, is the appearance 
of one or two deep indentations in the contour of the normal cambium of the 
woody cylinder (Fig. 1, D), opposite to the rays concerned. 

It is evident that considerable radial pressure is brought to bear upon 
the surface of the woody axis where these rays impinge upon it, the result 
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being to cause not only a very definite depression in the cambium but also 
a disruption of the tissues immediately below, in the vascular cylinder, 
Portions of vascular tissues may thus be displaced so as to become incor- 
porated within the base of the developing gall itself, but the vascularization 
of the gall tissues is effected independently of the activities of the wood- 
ecambium. Meanwhile, such an injury to the vascular cylinder appears to 
stimulate the living cells of the medullary ray close to the seat of injury to 
divide so as to form a mass of intrusive parenchyma to heal the rift in the 





Fie. 5. Trans. section of portion of stem showing abnormal wood to the right hand, 
and a wedge of ‘‘intrusive parenchyma’’ to left below (X) (See figure 1, H). The 
intrusive tissue has been formed by the medullary ray (B). At the four places marked 

\) are remains of torn lignified elements of the secondary xylem seen above and below. 
() elongated tracheids of the abnormal wood, some converted into short vessels Inset, 
in circle, details of the intrusive tissue, showing empty pitted parenchyma and other cells 


with thin protoplasmic contents; wood fibers appear below. 


axis (Figs. 1, Hand 5). This parenchyma is made up of thick-walled cells 
most of which are pitted and empty while others without pits are furnished 
with scanty protoplasmic contents. In no instance was the intrusive paren- 
chyma seen to have become lignified, and though, perhaps, it may be placed 
in the category of ‘‘abnormal wood,’’ it remained conspicuously clear in all 
the preparations stained to give lignin reaction. Moreover, evidences of 
disruption in the axial cylinder were seen at various places on the boundary 
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between the intrusive parenchyma and the permanent tissues of the axis, in 
the form of remnants of lignified wall from the broken tissues (Fig. 5, A). 

Meanwhile, in the vicinity of that portion of the wood-cambium indented 
by external pressure from the thickened, wedge-shaped end of the medullary 
ray, wide bands of abnormal wood consisting of fibers and tracheids, are, in 
consequence of the injury to the axis, being swept out into the base of the 
gall (Fig. 1, F, G). The elements in these lignified bands are disposed 
tangentially to the surface of the woody axis, as seen in transverse section. 
It is not easy to trace the formation of these wide sweeps of lignified tissues 
from axis to gall. They would appear to be formed from cells of the medul- 
lary rays bordering the rift in the wood, in the same way as the intrusive 
parenchyma, but the wood-cambium may also play a part in their forma- 
tion, should a portion of it become displaced by radial pressure as to sweep 
into the breach made in the cylinder. As pointed out by Riker (6), it ap- 
pears that all the living tissues which have not become lignified seem able to 
respond to the stimulus supplied by the crown-gall organism. 

By far the greater bulk of the gall appears to be traceable to the activity 
of the outer pericyclic cambium. It is true that portions of the host axis, 
such as displaced vascular bundles and also outgoing leaf traces may become 
incorporated within the base of the gall (Fig. 1, E,; and Fig. 6, H), but all 
the tissues of the tumor, whether lignified or parenchymatous, are derived 
from the active cells of the pericycle. Whilst, at first, the cells formed by 
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it, which may be called the ‘‘secondary parenchyma,’’ are constrained to 
accumulate in compact layers outside the pericyelic fibers, later, as soon as 
the surface of the stem has become broken from internal pressure, these 
layers of secondary parenchyma, no longer under restraint, divide apace to 
form the bulky tissue of the gall. But cell division in the extruded mass of 
parenchyma appears to be localized at various points within it so that nu- 
merous cambial ares arise here and there within the gall (Fig. 6, C, E, F, G, 
H). While at the junction of gall and stem, a number of cambial ares 
fanning out into the tumor may be seen to have a common origin in the outer 
pericyclic cambium, in the gall itself the meristematic ares are scattered 
throughout the parenchyma from which they are differentiated. With the 
general expansion of the gall, as fresh masses of parenchyma accumulate, 
fresh cambial ares again become differentiated from the parenchyma. It 
follows, therefore, that within the confines of the gall, these constantly re- 
curring ares of meristematic tissue must contend one against the other te 
such an extent that while the intervening bands of parenchyma are being 
converted into lignified tracheids they also suffer great distortion in the 
making. Where crushed parenchyma has been killed and obliterated, large 
cavities of diverse shape tend to appear in the expanding gall. 

The most striking feature in the mature galls is, of course, the intricate 
vascularization by lignified tracheids and vessels. These lignified elements, 
often greatly distorted during formation, present such an intricate pattern 
amongst the thin-walled parenchyma of the gall as to preclude the attempt 
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Fie. 6. Section of a portion of a gall showing general structure. (A) inset circle, 
the bacteria in a pocket at surface of gall, as at (B) and (C). At (C, E, F, G, H) and 
other places, note portions of meristem or cambial ares forming secondary parenchyma. 
Note the variously shaped groups of lignified tracheids, some spherical as at (E), others 
V- or Y-shaped. (D) details of a spherical group of tracheids formed around a small 
group of parenchyma. Just below (H) is a leaf-trace pushed out into the gall and sub- 
sequently invested by a cambial meristem which has formed a few lignified tracheids 
towards the leaf-trace together with secondary parenchyma towards the gall. Note the 
crushing and tearing of gall parenchyma, with cavities, due to the contending activities 


of the numerous cambial ares. 
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to describe any common type of formation. But they are all cells of the 
secondary parenchyma converted by pitting and lignification of the walls 








Fic. 7. Portion of gall showing secondary parenchyma forming elongated elements 
which become converted into lignified tracheids. At (A) the parenchyma is undifferen- 
tiated but sweeps out below in two directions to form the tracheids, leaving medullary 
ray-like parenchyma in between. 


into vascular elements, the vessels being produced by mere perforation of 
the cross wall between the tracheids (Fig. 6, D) ; they do not attain the same 
degree of thickness and lignification of the walls as observed in the elements 








622 








‘bundles’ 


PHYTOPATHOLOGY 


iG. 8. Section of a gall, near periphery. The long sweep from (A) to (A) is a 
umbial are which has formed towards the interior a number of ‘‘bundles’’ ar- 
more or less, in a ring. Below (B) and (B) are two ‘‘bundles’’ separated by 


parenchyma resembling medullary rays, as at the five places marked (C). sut 
’ are merely groups of tracheids, with radial rows of phloem-like cells above, 
ed f D) a small, spherical group of tracheids formed 


rom secondary parenchyma. 
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in the secondary xylem of the axis. At various points in the gall large 
masses of the altered parenchyma become elongated in the same direction, so 
that spindle-shaped groups of tracheids are formed (Fig. 7) ; at other places 
such groups in course of formation have evidently become bent or twisted with 
the result that, round, or Y-, or X-shaped groups, or other fantastic forms 
of the lignified tissues may be found, as a result, no doubt, of the contending 
activities of the numerous cambial ares in the gall. Again, a common fea- 
ture, towards the periphery of the gall, is the appearance of apparently com- 
plete vascular bundles, like those of an herbaceous dicotyledon, but without 
fibers (Fig. 8,B,B). This similarity is further enhanced when such bundles, 
arising close together, are separated by radial rows of parenchyma, like 
medullary rays (Fig. 8, C). But similar bundles may frequently be seen 
in comparative isolation at variable depths from the surface of the gall. 
Such pseudo-bundles have also been observed by Butler (1), Riker (6), and 
Smith, a feature described by Smith (8) as ‘‘a stem within a stem.’’ These 
bundles have, however, no connection with the axial cylinder of the host 
stem; they are merely aggregations of converted secondary parenchyma in 
which some of the cells become lignified tracheids, while others, smaller, ar- 
ranged in more or less radial rows over the tracheidal groups, have all the 
appearance of anormal phloem. In the present study these pseudo-bundles, 
when arising close together below the periphery of the gall, are observed to 
be in close association above, with a long sweep of cambial meristem in the 
outlying parenchyma (Fig. 8, A, A). Extending inwards from this cambial 
are, all stages in the transition of the derived secondary parenchyma into 
lignified tracheids and phloem-like cells may be seen (Fig. 8, B), together 
with bands of parenchyma passing in between the bundles, in the manner 
of medullary rays. The fact that such ‘‘ray’’ parenchyma may also become 
transformed into lignified tracheids is further evidence of a common origin 
of all parts of the pseudo-bundles from the secondary parenchyma (Fig. 7). 


DISCUSSION 

Butler (1) and Riker (7) suggest that the peculiar distribution of the 
lignified elements in the gall, may be due to the way the bacteria (or, per- 
haps their infiltrating products, or associated growth substances) may collect 
in various parts of the gall. If the bacteria are confined to a restricted 
space, the stimulus of infection, localized around such a focus, would result 
in the conversion of a small group of parenchyma into tracheids (Fig. 8, D), 
a feature which has been observed very frequently in the present study. 
When groups of isolated tracheids occur, it is further suggested that such 
distribution may have resulted from stimulation from several directions at 
one time. Furthermore, when the gall tracheids are assembled with more 
or less regularity, in the manner of vascular bundles, it is conceivable that 
the stimulus from a single locus is maintained in one direction, resulting in 
a definite orientation of the tissues; in the absence of sustained stimulation 
from a particular source, but from a number of places sufficiently separated, 


a regularity in the lignified pattern would hardly be expected. 
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Adopting the views put forward by Butler and Riker (1, 7), the present 
writer suggests that the cambial ares within the gall, as revealed in the 
present study, are actually the foci from which the vascularization of the 
gall is directed. 

SUMMARY 


The sub-aerial galls caused by Bacterium tumefaciens in natural infee- 
tion on the stems of the Himalaya giant blackberry (Rubus procerus) 
originate from the outer layers of the pericycle. 

Increments of lignified tracheids to the terminations of the medullary 
rays in the vicinity of the gall are instrumental in causing a disruption of 
the host tissues. 

The distribution of the tracheids within the gall appears to be due to 
the activity of numerous meristematic zones or cambial ares in the gall 
parenchyma. 

DEPARTMENT OF BOTANY, 

UNIVERSITY oF GLASGOW, 
SCOTLAND. 
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THE CONTROL OF LATE BLIGHT IN TOMATO SEED-BEDS 
UNDER EPIPHYTOTIC CONDITIONS 


A. L. HARRISON 


(Accepted for publication May 2, 1947) 


The unusually severe epiphytotics of late blight caused by Phytophthora 
infestans (Mont.) de Bary that occurred during the spring of 1946 have 
already been reported. The disease was first observed late in November, 
but it was not until the middle of January that it became widespread and 
extremely destructive in many areas of the State. Two periods of weather 
during the middle and latter part of January were particularly favorable 
for its spread and development.’ 

Late blight has been reported only infrequently as occurring naturally 
on tomato seedlings. It has never been reported on tomato seedlings from 
the West Coast of Florida so far as the writer is aware. Consequently when 
the disease made its sudden and destructive appearance in tomato seed-beds 
in Manatee and Hillsborough counties in January, no one was prepared for 
the onslaught. During this period all control measures appeared to fail. 
This apparent failure resulted primarily from the lack of an adequate spray 
program, failure to get thorough coverage, and failure to start spraying in 
time. A few growers who consistently followed recommendations secured 
good plants. Growers who jumped from one spray to another, who did not 
get coverage, or who did not apply sprays frequently enough lost most of 
their early plants. Probably 95 per cent of the early seed-bed plants were 
lost because of late blight during the winter of 1945-46 in this section. 

This outbreak of late blight afforded an excellent opportunity to see what 
could be done for the control of this disease in tomato seed-beds. Conse- 
quently, several experiments were conducted using different spray materials. 


MATERIALS AND METHODS 


When late blight was first found late in the season on the mature fall 
tomato crop, the Dithane (disodium ethylene bisdithiocarbamate)-zine sul- 
fate-lime spray which had been so successful in controlling the disease on 
potatoes in South Florida*® was urgently suggested to growers for its control 
on tomatoes despite a lack of specific information with this crop. Conse- 
quently, this was one of the sprays used in the tomato seed-bed tests. In all 
cases in this paper where Dithane is mentioned it was used at the following 
concentration: Dithane D14, 2 quarts; zine sulfate, 1 lb.; lime, $ lb.; and 
water, 100 gal., unless otherwise stated. 


1 Harrison, A. L. Potato late blight on tomatoes on the west coast of Florida. U.S. 
Dept. Agr., Pl. Dis. Reptr. 30: 49-50. 1946. 

2 Harrison, A. L. The relation of weather to epiphytotics of late blight on tomatoes. 
Phytopath. 37: 533-538. 1947. 

3 Ruehle, G. D. A new organic fungicide for the control of potato late blight in 
Florida. Fla. Agr. Expt. Sta. Press Bul, 598. 1944. 
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In addition, various other organics were used in one or more tests. They 
are as follows: DuPont IN 5446 and IN 7331, Rohm and Haas He 178, zine 
chromate spray (C.P.I. 169A), Zerlate (zine dimethyl dithiocarbamate), 
Phygon (2,3 dichloro 1,4 naphthoquinone), Puratized NSE (phenylmereurj 
triethanol ammonium lactate), and copper 8-quinolinolate. Several standard 
fungicides were also used in the tests for comparison. 

The sprays were applied with a Champion knapsack sprayer, care being 
taken to get thorough coverage on both leaf surfaces and on the stems of the 
seedlings. Sprays were started soon after the seedlings emerged. This 
was a necessity during the epiphytotic, since seedlings were repeatedly ob- 
served to succumb to late blight before the first true leaves had been formed. 
Moveable screens were used so that there was no spray drift from plot to 
plot. The sprays in all tests were continued until the seedlings were ready 
for field setting. 

The individual spray plot varied from 6 to 8 rows, depending on the 
test, each approximately 2.5 ft. long. The rows were planted crosswise in 
outdoor ground beds. In the first two tests, each spray plot was subdivided 
so that one half of the plot was sprayed once a week and the other half twice 
a week. Each plot contained several hundred plants at the start of the tests. 

All treatments were randomized and replicated so that the data could be 
analyzed according to standard statistical methods. Efficiency ratings were 
taken from the different spray treatments at different times during the 
course of the tests by classifying samples of 25 plants from each plot or 
subplot (depending on the experiment) into 4 classes, with different arbi- 
trary values given to each class. Each of the 25 plants was separately 
classified, and the sums of the separate values totaled to give a quantitative 
figure for use in the statistical analysis. A dead plant was rated 0, a 
severely diseased plant 1, a slightly diseased plant 2, and a plant without 
blight symptoms was rated 4. A rating of 100 for a plot would indicate 
apparently perfect disease control on all 25 plants. The 25-plant sample 
was taken from the same relative position from each plot for each date of 
sampling. This method of taking data was relatively rapid and proved 
much more reliable than arbitrarily giving each plot an efficiency rating. 

Experiment 1.—The first test was conducted at Ellenton, Florida, on a 
seed-bed planted on January 25 adjacent to tomato seed-beds that had just 
been abandoned because of late blight. Eight applications were made on 
the subplot receiving sprays twice a week and 4 on the subplots receiving 
sprays only once a week. The first spray was applied on February 6, and 
the last on March 2. Weather was not particularly favorable for late blight 
until February 27, although centers of infection were beginning to show in 
the unsprayed plots on February 23. The weather from February 27 
through March 2 was extremely favorable for the spread and development 
of late blight and it spread very rapidly through the check plots and over 


+ IN 5446 and He 178 are different formulations of zine ethylene bisdithiocarbamate. 
Samples of He 178 were used from different batches and are distinguished as He 178B and 
He 178E. IN 7331 is a formulation of manganese ethylene bisdithiocarbamate. 
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some of the spray plots. Efficiency ratings for the various sprays were 
made on March 7. The plants at that time were about 6 to 8 inches high. 

The data presented in table 1 and figure 1 demonstrate that late blight 
can be held in check in the seed-bed by Dithane and IN 5446, and that 
applications should be made twice a week during periods when late blight 
is extremely active. The degree of control obtained with Copper-A Com- 
pound was not considered satisfactory even when the copper was applied 
twice a week. 

The investigation was carried one step further because growers had been 
experiencing extreme difficulty in getting tomato plants to live after being 
transplanted in the field even though the plants had been pulled from beds 
that were relatively free of the disease. For this study, samples of 60 appar- 


TABLE 1.—E£ffect of some fungicides on the control of late blight in tomato seed- 
beds, Experiment 1 


Spray efficiency ratings 
Treatment 


Weeklya Semiweekly Spray totals» 

Dithane, zine sulfate, and lime: 

2 qt.—1 lb.—0.5 lb.—100 gal. 205 260 465 
IN 5446: 1.25 Ib.—100 gal. 179 256 435 
Copper-A: 4 lb.—100 gal. 124 182 306 
C.P.I. 169A: 4 Ib—100 gal. 74 148 222 
Zerlate: 2 1b.-100 gal. 60 75 135 
Check 0 0 0 
Frequency Totals 642 921 


a Maximum rating possible for each treatment 300 (3 replications). 

> Least differences required for significance at 19:1—Spray totals, 84; Frequency 
totals, 125. 
ently healthy plants were pulled from the plots sprayed with Dithane once 
and twice a week and from the plots sprayed twice a week with IN 5446. The 
samples were pulled on March 7 (the same day the spray efficiency ratings 
were made) and set in steam-sterilized soil. Samples were not obtained 
from any of the other plots because of the difficulty in getting plants even 
apparently free of late blight. Only 4 plants survived among the 60 set 
from the plot sprayed once a week with Dithane. Forty-two survived among 
those set from the plot sprayed twice a week with Dithane, and 48 survived 
from the plot sprayed twice a week with IN 5446. Thus when late blight 
is active there is a strong possibility of losing the plants in the field unless 
the plants have been frequently and thoroughly sprayed with the proper 
materials. 

Experiment 2.—The second test was conducted at the Vegetable Crops 
Laboratory, Bradenton, Florida, in beds planted February 1. Ten appli- 
cations were made on the subplots receiving sprays twice a week and 5 on 
the subplots receiving sprays only once a week. The first spray was made 
on February 13 and the last on March 16. Three treatments were discon- 
tinued after the application of March 6 because of their failure to hold late 
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Fie. 1, Effect of some sprays on the control of late blight in tomato seed-beds 
(Experiment 1). A. Typical plot sprayed twice a week with Dithane, zine sulfate, and 


lime. B. Unsprayed plot. C. Portion of unsprayed plot on the left and on the right a 


portion of plot sprayed once a week with IN 5446. 
Kelbert. 


Photographed March 5 by D. G. A. 
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blight in check. When the weather turned favorable for late blight on 
February 27, tomato leaves with active blight lesions were scattered uni- 
formly around and through all plots in the experiment. The weather con- 
tinued to be favorable for late blight until March 2 and it spread very 
rapidly through the unsprayed plots and some of the sprayed plots. Harri- 
son® gives a detailed description of the weather during this period. Late 
blight was first observed on March 1 in these seed-beds. Spray efficiency 
ratings were taken on March 5, 15, 21, and 30. The data are presented in 
table 2 and verify the results from the first experiment, namely, that Dithane 
was the best material used for the control of late blight. The substitution 
of ammonia for lime in the spray mix did not impair the fungicidal effi- 
ciency of Dithane. The material IN 5446 applied twice a week was as good 
as Dithane once a week, but not so good as Dithane twice a week. He 178 
was not so good as IN 5446. Copper-A compound again failed to satisfac- 
torily hold late blight in check. 

As in the first experiment, plants from some of the plots were pulled and 
set in steamed soil for a check on plant survival. In addition, the plants 
were dipped in various fungicides to see if this would stop late blight from 
developing on the transplants. Plants for these studies were pulled from 
the standard Dithane, IN 5446, and Copper-A plots. The plants were 
sorted, and all plants with observable leaf or stem lesions of late blight were 
removed. ‘Two separate tests were conducted. In the first test, the plants 
were pulled on March 21, sorted and dipped, both roots and tops, in the 
various fungicides, wrapped in kraft paper and set aside 16-17 hours before 
setting in the steamed soil. The results (Table 3) were taken on April 5. 
The second test was a duplication of the first except that the plants were 
pulled early in the morning of March 25, sorted, dipped, and held for 24 
hours before setting in the steamed soil. The results of this test are also 
presented in table 3. The loss of plants in both tests was due primarily to 
late blight. 

The seed-bed spray has a marked influence on controlling late blight in 
tomato transplants. More of the Dithane-sprayed plants survived trans- 
planting than did the plants sprayed with Copper-A. The differences were 
significant in both tests. The differences between the plants sprayed with 
Dithane and those sprayed with IN 5446 were significant in favor of the 
Dithane in one test, but not in the other. Plants from the Dithane-sprayed 
plots were heavier in both tests. There was no significant difference in 
weight between the plants sprayed with Copper-A and plants sprayed with 
IN 5446. 

IN 7331, Phygon, and Dithane all significantly reduced the loss from 
late blight in the transplanting operation. IN 5446 caused a significant 
reduction in one test but not in the other. Plants dipped in Copper-A were 
not significantly better than the check on the basis of plant survival. 

The plants dipped in Dithane were significantly smaller than the plants 


5 See footnote 2. 
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from most of the other treatments. Phygon as a dip also caused some in- 
jury. IN 7331, IN 5446, and Copper-A as dips were the best from the 
standpoint of plant growth following the transplanting operation. 


TABLE 3.—Effect of seed-bed sprays and plant dips on survival and weight of 
tomato transplants, Experiment 2 


Number of plants Relative weights in 
surviving in testa grams of plants in test 
l 2 1 2 
Plant dip ae = > = > == = = 
r om = i = & = 
a x ie oe oe 
IN 7331: Copper-A 39 27 15.9 13.7 
1.5 lb.-100 gal. Dithane 43 29 18.1 17.1 
IN 5446 39 26 13.8 13.5 
121 82 47.8 44.3 
Phygon: Copper A 36 27 14.2 9.8 
1 Ib.—-100 gal. Dithane 40 28 16.4 14.2 
IN 5446 36 28 13.7 12.2 
112 83 44.3 36.2 
Dithane Standard Copper-A 26 22 10.0 12.6 
Dithane 45 28 15.6 11.3 
IN 5446 38 27 11.1 7 
109 77 36.7 31.3 
IN 5446: Copper-A 30 22 Ne a g 10.5 
1.75 lb.-100 gal. Dithane 42 30 6 17.3 
IN 5446 27 28 20.4 15.5 
99 80 55.8 43.3 
Copper-A: Copper-A 26 18 17.4 9.0 
4 Ib.—100 gal, Dithane 3 30 15.2 18.5 
IN 5446 27 25 16.9 10.4 
96 73 49.5 37.9 
Water Copper-A 26 17 14.1 16.4 
Dithane 38 22 23.2 11.0 
IN 5446 27 22 19.8 11.6 
9] 61 57.1 39.0 
Least diff. between totals for 
sig. at 19: 1 N.S. 18.4 N.S. 13.8 N.S. 8.3 4.0 7.0 
Seed-bed spray totals combined Test 1 Test 2 Test 1 Test 2 
Copper-A 183 133 89.3 72.0 
Dithane 251 167 106.2 89.4 
IN 5446 194 156 95.7 70.6 
Least difference between totals 
for significance at 19: 1 26.0 19.5 11.7 9.9 


«In the first test there were three replications of 15 plants; in the second test, three 
replications of 10 plants each. 

> The interaction figures are totals of three average weights of plants in the respective 
treatments, 

Experiment 3.—A third experiment for the control of late blight in seed- 
beds was conducted on beds planted March 15 beside the beds used in the 
second spray test. Five fungicide applications were made from March 25 








632 PHYTOPATHOLOGY | Vou. 37 


to April 11. The frequency of application was determined by the rate of 
growth of the tomato seedlings and the weather. Late blight was relatively 
inactive in the field for the duration of the test. However, by sprinkling 
the beds late in the evening with a spore suspension of Phytophthora infes- 
tans, some late blight developed in all plots. This was done twice during 
the duration of the test. The suspension was obtained by washing the 
spores from blighted tomato leaves that had been kept in moist chambers 
for 2-3 days. It was applied as uniformly as possible to all plots by means 
of a sprinkling can. Spray efficiency ratings were taken on April 13 and 
23, and are presented in table 4. The data again show that Dithane and 
the dithiocarbamate sprays IN 5446 and He 178 are definitely superior to 
the copper sprays for controlling late blight on tomato seedlings in Florida. 
Phygon also was a promising fungicide for late-blight control in this test. 

TABLE 4.—Effect of some fungicides on the control of late blight in tomato seed- 


beds, Experiment 3 





Spray efficiency ratings 
Treatment . re Sa += 


Apr. 13 Apr. 23 

Phygon: 0.5 lb.—100 gal.b 300 274 
IN 5446: 1.75 lb.—100 gal. 300 272 
Dithane, zine sulfate, and ammonia 2 qts.—1 ]b.—1 qt.—100 gal. 300 268 
He 178E: 1.75 lb.—100 gal. 300 260 
Dithane, zine sulfate, lime 2 qts.—1 lb.—0.5 1b.—100 gal. 300 254 
Stand. Dithane and Copper-A alternating 300 238 
Dithane, zine sulfate, lime, and ammonia 2 qts.—1 lb.—0.5 lb.— 

Ll qt.—100 gal. 300 236 
IN 7331: 1.5 lb—100 gal. 296 222 
Super Copper:' ‘ 288 205 
Copper-A: 4 1b.—100 gal. 272 201 
Copper 8-quinolinolate: 1 1b.—100 gal. 273 176 
Puratized N5E4 201 130 
Check 137 62 
Least differences between totals for significance at 19: 1 36 34 


» Maximum rating possible for each treatment 300 (3 replications). 
First application made at 1-100. 
A liquid material containing copper sulfate and ammonia. Used at 1 gal.—400 for 
the first two applications. All others at the rate of 1 gal—300. 
1 At first used at 1 part to 2000 of a 10 per cent solution but later cut to 1 part to 
1000 because of plant injury. 


DISCUSSION 

The data presented in tables 1, 2, and 4 demonstrate that late blight may 
be held in check in tomato seed-beds even under conditions extremely favor- 
able for the spread and development of Phytophthora infestans. This is 
illustrated in figure 1. Both experiments 1 and 2 were conducted during 
one of the periods, February 27 through March 2, when late blight was ex- 
tremely active. In experiment 2, tomato leaves with active late blight 
lesions were scattered over the plots during this period in order to give the 
spray materials the severest type of test. Even so, several sprays were out- 
standing in their performance in holding late blight in check. 
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The outstanding spray material in the first two tests was the mixture 
of Dithane, zine sulfate, and lime. The materials IN 5446 and He 178 
which are different formulations of zine ethylene bisdithiocarbamate gave 
good control of late blight in the first two tests in spite of the fact that they 
were not used at strengths equivalent to the Dithane spray. In the third 
experiment where the dithiocarbamate content of Dithane, IN 5446, and 
He 178 were at approximately equal concentrations, the spray efficiency 
ratings are approximately equal. Altering the Dithane spray formula with 
commercial liquid ammonia did not materially effect the results, except that 
the addition of both lime and ammonia to the spray mix was very injurious 
to the tomato plants. 

Phygon was used only in the third test where it showed considerable 
promise for the control of late blight. The first application had been made 
at 1-100 but was cut to 0.5-100 because of some flecking damage or burning 
on the leaves. There was no injury evident at the reduced concentration. 

All copper sprays controlled late blight fairly well while the seedlings 
were very small and when it was easy to obtain good coverage, but just as 
soon as the plants became crowded, late blight started to spread rapidly 
over the copper sprayed plots. In some tests, on the survival of plants 
from the various sprayed plots during the transplanting operation, it was 
extremely difficult to find plants without lesions on the copper plots, while 
it was comparatively easy to find blight-free plants on the plots sprayed 
with Dithane and IN 5446. é 

The only other material used that gave any promise as a fungicide for 
the control of late blight was IN 7331. This was used in only one test and 
was about equivalent to the copper sprays. 

The materials Zerlate, zine chromate (C.P.I. 169A), New Improved 
Ceresan, and Puratized N5E gave little or no control of late blight. 

In practically all cases sprays applied twice a week were more efficient 
in controlling late blight than were sprays applied once a week. 

Although Dithane consistently controlled late blight it has one distinct 
disadvantage as far as tomato seedlings are concerned. It injures young 
tomato plants. Dithane-sprayed plants were short and stocky with leaves 
that resembled a mild case of shoe-string mosaic (Fig. 1). In severe cases 
the terminal bud was destroyed. The severity of injury was related to tem- 
perature, frequency of application, and quantity of material applied. High 
temperature and heavy or frequent application of sprays increased Dithane 
injury. Dithane-sprayed seedlings were delayed a few days but fewer 
plants were lost from late blight during the transplanting operation than 
when the plants were sprayed with Copper-A. No injury has been observed 
on large tomato plants when Dithane has been applied at weekly intervals 
at the strengths used in these tests. 

The fungicides IN 5446 and He 178 did not injure young tomato seed- 
lings even when applied as often as twice a week. These materials have a 
wide margin of plant safety and show some promise as plant dips for the 
control of late blight on tomato transplants. 
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SUMMARY 


Dithane plus zine sulfate and lime, IN 5446, and He 178 consistently 
gave good disease control during an epiphytotic of late blight caused by 
Phytophthora infestans on tomato seedlings in outdoor seed-beds. Phygon 
in the one test in which it was used also gave good control of late blight. 
None of the copper sprays used was equal to the materials mentioned. All 
copper sprays held late blight in check for a while but as soon as the tomato 
seedlings became crowded in the seed-bed, late blight spread rapidly over 
the copper plots, if the weather was favorable for the disease. 

Dithane caused some injury on tomato seedlings. No injury has been 
observed from IN 5446 or He 178, even when applied twice a week on young 
seedlings soon after emergence. 

IN 7331, Dithane plus zine sulfate and lime, Phygon, and IN 5446 as 
dips all helped to reduce the loss of tomato plants from late blight during 
the transplanting operation, especially when the plants had previously been 
sprayed in the seed-bed with Dithane plus zine sulfate and lime or IN 5446. 


VEGETABLE Crops LABORATORY, 
FLORIDA AGRICULTURAL EXPERIMENT STATION, 
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INTRODUCTION 


Successful control of late blight of potatoes and tomatoes depends chiefly 
on the proper application of preventive measures, the most important of 
which are: (1) sanitary precautions eliminating the sources of infections 
and preventing the spread of the disease; (2) chemical means of plant pro- 
tection and destruction of the pathogen; (3) breeding of resistant and im- 
mune varieties of crops. In the evaluation of control measures and in epi- 
phytological studies, it is necessary to have a steady and dependable supply 
of the pathogen in a viable and virulent form. This paper describes the 
results of studies on the development of methods of production and storage 
of the sporangia and mycelium of Phytophthora infestans (Mont.) De Bary. 

The substrate generally employed by the early investigators consisted of 
whole live potato tubers and leaves (6), slices of raw potato tubers, or musk- 
melon or pumpkin fruit (19). Clinton (1, 2,3) tried over 70 different media, 
consisting mostly of various plant materials. The fungus grew best on ex- 
tracts or suspensions of ground lima beans, with the addition of extracts 
from ground cereal seeds. Soil and manure supported only scanty growth. 
Heat-sterilized potato tuber tissue was unsatisfactory. De Bruyn (8) also 
found that many plant materials served as excellent media. Old dried stems 
of plants were better than fresh ones. She reported (7) that the fungus 
would grow fairly well in bog soil or clay, and poorly in leaf mould and 
sand. Potato tuber tissue in the form of aseptically removed plugs was 
recommended by Jones et al. (10). For many years, this medium was con- 
sidered the best for production of sporangia. Liquid media tried by Jones 
et al. (10) and Kossowiez (11 to 18) were more suitable for the production 
of mycelium than of sporangia. 

In the present studies separate types of media were developed for the 
production of sporangia and mycelium. Solid substrates were better 
adapted for the development of sporangia, whereas the growth and harvest- 
ing of mycelium was accomplished more easily in liquid media. Since the 
experiments on cultivation were closely interwoven with storage and lon- 
gevity tests, the results are described in two separate sections. One section 


1 Studies carried out at Camp Detrick, Frederick, Maryland, between January, 1944 
and August, 1945. The authors wish to express their appreciation to Drs. A. G. Norman 
and B. W. Henry for their assistance and criticism in the preparation of this paper. 

2 Assistant Plant Pathologist, Maine Agricultural Experiment Station and Captain, 
A.U.S. 

3 First Lieutenant, A.U.S. 

4PhM.1, USNR. 
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deals with sporangia grown on solid substrates and the other with mycelium 


erown in liquid media. 
PRODUCTION OF SPORANGIA 


Phytophthora infestans, like most fungi, produces sporangia abundantly 
only if sporangiophores can develop in the air above the surface of the 
medium. Some fungi, such as Penicillium (9), produce conidiospores abun- 
dantly in submerged culture provided the medium is vigorously aerated. It 
was expected that best sporangial yields of Phytophthora could be obtained 
on a porous substrate in which the growth-supporting surface exposed to air 
would be as large as possible. The cultures were incubated at 20° C. 


Culture Media 


Criteria for evaluation of the media were as follows: (1) abundance, rate, 
and uniformity of growth; (2) physical consistency; (3) availability of the 
ingredients; and (4) ease of preparation. A detailed discussion of the 
numerous materials tested and the results obtained would require too much 
space, since only a few were satisfactory for the production of sporangia. It 
is believed, however, that a list of the tested materials may be of value to 
future investigators. 

Materials which supported good growth but which were not used for the 
production of sporangia because of undesirable physical properties or diffi- 
culties in handling and preparation were as follows: (1) whole seeds of oats, 
barley, rice, corn, soybean, lima bean, cowpea, pea, and peanuts; (2) meals 
from peas, peanuts, soybeans, lima beans, cowpeas, cottonseed, oats, barley, 
rye, wheat, navy beans, corn, corn grits, cracked corn, wheat middlings, 
wheat bran, malt sprouts, rice polish, rice bran, and malted wheat, oats, and 
barley; and (3) miscellaneous materials, as ‘‘Cerophyl,’’ wheat, rice, or oat 
straw, brewers yeast, tomato waste, oat hulls, dried milk, peat, fine mesh 
peanut hulls, malt extract, corn steep liquor, molasses, and tomato seed. 

The materials not supporting growth were carrot root tissue, Spanish 
moss (Tillandsia sp.), excelsior, alfalfa, rice hulls, soybean straw, sugar-beet 
tissue, soybean flakes, water-extracted soybean meal, and water-extracted 
peanut hulls. 

Of all the materials tried, most satisfactory and uniform production of 
sporangia was obtained on media prepared from various combinations of 
cereal grains and peanut hulls. The media were prepared from grain, 1 
part; peanut hulls, 1 or 2 parts; and distilled water, 2 parts per each part 
of grain and 4 parts per each part of peanut hulls. A few extra ml. of water 
were added to compensate for losses during preparation. The ingredients 
were placed in suitable vessels, steamed for 15 minutes, shaken, plugged, and 
autoclaved at 15 lb. pressure for 20 minutes. To obtain optimum growth, 
initial and thorough saturation of the medium with water was essential. A 
medium prepared from wheat, rye, or preferably malted rye, and peanut 


hulls, referred to as peanut hull-grain medium hereafter, consistently yielded 
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the highest numbers of sporangia. The physical consistency of this medium 
was good, as it offered a large surface for the production of sporangiophores. 
The yields were calculated on the basis of sporangia per gm. dry wt. of the 
medium. The sporangia were suspended in water, strained through cheese 
eloth, and counted in a Spencer, Improved Neubauer, Bright-Line haemacy- 
tometer. 

The relative proportions of the peanut hulls to grain influenced the yield 
of sporangia (Table 1). The media with a higher wheat content than 1:1 
were not satisfactory because of packing and reduction in area for sporula- 
tion. Inasmuch as peanut hull—grain media and liquid media prepared by 
extracting grain seeds produced excellent growth, several attempts were 
made to replace the whole grain with grain extracts. Water extracts of both 
germinated and nongerminated wheat, rye, and sorghum were added to pea- 


TABLE 1.—Influence of the proportion of the ingredients in peanut hull-wheat 
medium on the yield of sporangia 





Sporangia per gm. dry wt. of medium» 
Ingredients and proportion of each 


Series 1 Series 2 
x 108 x 108 
Peanut hulls 107 150 
Peanut hulls and wheat 1: 1 610 858 
Peanut hulls and wheat 2: 1 784 777 
Peanut hulls and wheat 4: 1 640 680 
Peanut hulls and wheat 8: 1 313 543 


a8 gm. of peanut hulls and respectively, 0, 8, 4, 2, and 1 gm. of wheat. 


b Numbers represent average yields from quadruplicate samples. 
nut hulls. Fourteen days after inoculation no growth of Phytophthora in- 
festans was visible on the extract media, although growth was abundant in 
the peanut hull—wheat seed control flasks. There was no explanation found 
for these peculiar results. 

Another excellent and frequently used medium consisted of 4 parts navy 
bean seed and 1 part peanut hulls. The beans were soaked in an excess of 
hot water for 2 hours, peanut hulls were added, and the mixture steamed for 
15 to 30 minutes. The medium was drained, shaken, and a few ml. of water 
added to compensate for losses during sterilization. This medium sup- 
ported abundant growth of the fungus and had desirable physical proper- 
ties. Beans alone supported equally abundant growth but packed during 
processing so that growth was limited to the surface of the medium. Max- 
imum growth at optimal conditions was obtained after 8 to 10 days. The 
development of aerial mycelium was even more abundant than on peanut 
hull-grain. However, the number of sporangia was smaller, usually 200,- 
000 per gm. dry medium. 

A suspension of sporangia in distilled water was used most frequently as 
inoculum. Fragments of medium containing both mycelium and sporangia, 
or the mycelial mat removed from liquid media also gave satisfactory results, 
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if the inoculum did not have to be distributed evenly throughout the sub- 
strate. 

The suspensions were prepared by washing sporangia from 8- to 20-day- 
old eultures on peanut hull-grain medium in 250-ml. Erlenmeyer flasks, 
Sterile distilled water at about 20° C. was used. The sporangia in such sus- 
pensions were about 90 per cent viable. An inoculum containing at least 
10,000 sporangia per ml. and equivalent in quantity to 5 to 10 per cent of 
the wet weight of the medium, produced satisfactory growth of the fungus 
in about 9 days at 20° C. Although 5 to 10 per cent of inoculum was used 
to insure greater uniformity in distribution of the sporangia, it appeared 


that even 2 per cent was satisfactory in small vessels. 
Factors Influencing Production and Viability of Sporangia 


In most of the tests herein deseribed, the fungus was grown on media 
consisting of peanut hulls and wheat or rye. The quantity and quality of 
mycelial growth were evaluated visually and the quantity of sporangia by 
counting. Under optimal conditions the growth of Phytophthora infestans 
was excellent and the highest vield of sporangia was obtained in 8 to 10 days 
(Fig. 1). 

The duration of the sterilization process had a pronounced effect on 
erowth of the fungus and yield of sporangia. If the medium was auto- 
elaved at 15 lb. pressure for 20 to 30 minutes, the vield of sporangia per gm. 
of dry medium was about 2,000,000. Sterilization for 40 minutes reduced 
the vield to about 1,670,000 and for 80 minutes to about 600,000. 

Regarding the optimum temperature the observations reported by Jones 
et al. (10), Vowinckel (22) and Crosier (4) were confirmed; the optimal 
growth was at 19° to 21° C. At temperatures above 25° C. growth was de- 
pressed, and at 50° C. growth ceased. 

Maintenance of a high moisture content of solid media was essential for 
good growth. According to Crosier (5), mycelium was not formed if the 
relative humidity of the air was below 85 per cent, and the production of 
sporangia was scant even at 97 per cent. Vowinckel (22) reported that the 
number of sporangia produced on leaves and tubers of potatoes was best at 
100 per cent relative humidity, good at 78, but none were produced at 65 
per cent. 

This organism is a strict aerobe but because of its slow rate of growth, 
its oxygen requirements seem to be easily met. No depression of growth 
due to faulty aeration was ever found in ordinary culture vessels plugged 
with cotton or glass wool and containing media in layers up to 5 em. deep. 
The use of forced aeration in deep cultures did, however, increase yields of 
sporangia. 

In such experiments the peanut hull-grain substrate was placed in one- 
liter dispensing burettes to a depth of about 50 em. and autoclaved in an 
excess of water that was drained off before inoculation. One tube was 
aerated normally through the cotton plug in the neck of the vessel. The 
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Fic. 1. Growth of Phytophthora infestans on peanut hull-wheat medium after 10 
days’ incubation. 
other received 50 ee. per minute of humidified, sterile air that entered the 
vessel at the bottom, and escaped through the cotton plug. The tubes were 
kept almost vertical. The cultures were sampled when 9 days old by re- 
moving 100-gm. lots, serially from top to bottom. Growth in each tube was 
best near the air inlet. The relative numbers of sporangia in comparable 


samples are given in table 2. 


TABLE 2.—The influence of forced aeration on the production of sporangia in deep 


solid media 


Sporangia per ml. of suspension from samples numbered 
= serially from top to bottom of tubes 
rreatment , 


l 2 3 4 ) 6 
10 ti) 10) 1) x 10 10 
Normal aeration 5 6 6 } 2 3 
Forced aeration 22 46 26 0 32 32 
Ratio 
Normal: Foreeda 1: 4.4 1: 7.5 1: 4.3 iL: 7s 1: 16.0 1: 11.0 


a Average ratio was about 1: 7. 
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A simple aeration method based on the density of carbon dioxide gave 
excellent results. Media consisting of navy beans and peanut hulls were 
noculated, inverted, and ineubated in this position (Fig. 2). 

Phytophthora infestans grew well from pH 5.0 to pH 7.0, preferring the 
less acid portion of this range. Jones et al. (10) found that in too acid or 
too alkaline media, production of sporangia was depressed faster than was 
the vegetative growth. The peanut hull—grain media were in the range of 
pH 5.5 to 6.0 without adjustment. The rate of production of sporangia was 
based on the yield of sporangia from cultures sampled at intervals after in- 





Fic, 2. The growth of Phytophthora infestans on peanut hull-grain medium aerated 
by the gravity-flow system. The air outlet of vessel at left was open continuously; that 
of vessel at right was closed on the fourth day. Explanation: a, Inoculation port, that 
contained a cotton-plugged impinger. b, Moisture trap. e, Air inlet-tube extending to 
the base of the flask. d, Air outlet-tube extending only into the neck of the fiask, and 

rotected from air stoppage by the medium by means of a large wire-screen guard. 


oculation. In table 3 the yields for 3 experiments are given. The yields 
for experiments 1 and 2 were low, although the rate of growth was typical. 
The decrease in number of sporangia through the third day was due prob- 
ably to the germination and growth of most of the sporangia in the in- 
oculum. Germination tests in experiment 2 indicated this to be true. Most 
of the sporangia recovered at the 1-, 2-, and 3-day intervals failed to ger- 
minate but germination rose to 82 per cent on the fourth day and continued 
between 80 and 90 per cent throughout the remainder of the experiment. 
Under optimum conditions the production of sporangia began within 4 days 
after inoculation. The number of sporangia increased rapidly until about 








Se 

















1947 | SNIESZKO ET AL.: FUNGUS CULTURE AND STORAGE 641 


the ninth day. The apparent decrease in yield of sporangia thereafter was 
assumed to be due to poor recovery, and mechanical destruction of empty 
or weakened sporangia. 

The ability of sporangia to germinate was the best criterion of their 
viability. To test germination, about 0.5 ml. of water suspension of spo- 
rangia were evenly distributed over the surface of an agar medium in a Petri 
dish. The best media consisted of 2 per cent extract from peanut hulls or 
2 to 3 per cent extract from malted rye with the addition of 2 per cent of 
agar. In direct germination, two or more germ tubes per sporangium grew 
to a length of 1 to 2 mm. in 24 hours at about 20° C. Sporangia secured 
from cultures 7 to 10 days old germinated uniformly at about 90 per cent. 
The percentage germination was independent of the total number of spo- 
rangia produced. Crosier (5) reported that dextrin, Fullers earth, fine 
quartz, and gelatin increased the germination rate of sporangia. According 


TABLE 3.—The rate of production of sporangia on peanut hull—wheat medium 


Sporangia per gm. of dry wt. of medium 


Time —— - 
Expt. 1 Expt. 2 Expt. 3 
Days x 10° < 10° x 10° 
1 1.3 
2 1.2 ae 8 8} }§=—. ~ © \ageestapail 
3 0.9 1.3 
4 9.3 4.2 
5 36.4 27.7 
6 66.7 74.3 
7 68.8 129.4 
8 62.4 207.9 
10 190.7 
12 21.7 172.6 
14 20.0 


to Uppal (21) some petroleum products stimulated germination. On the 
media herein reported the germination was uniformly so high that none of 
the various substances tried had any effect. 

The life span of the sporangia of Phytophthora infestans is rather short. 
Therefore, it was considered essential to develop methods that would enhance 
the survival of sporangia in storage. Sporangia were either stored in situ 
in the undisturbed culture, or were harvested and stored in various sub- 
strates. Several hundred flasks containing peanut hull-wheat medium were 
inoculated and incubated as usual. After 8 to 10 days, some flasks were 
sampled to determine the number and viability of the sporangia. The num- 
ber of sporangia per gm. dry weight of the medium varied from 1 to 2 mil- 
lions. The percentage viability was 80.5 to 93.5 with an average of about 
90. Ten days after the inoculation of the media the cultures were divided 
into 2 series. One was left in the ineubator at 20° C. and the other was 
incubated at 6° to 12° C. Every few days several flasks of each series were 
sampled to determine yields and viability of the sporangia. Mean figures 
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representing germination of sporangia in relation to the period and the tem- 
perature of the storage are given in table 4. 

The viability of the sporangia decreased at first more rapidly in the eul- 
tures which were transferred to the lower temperature than in those which 
were maintained at 20° C. However, the percentage of viable sporangia 
after 60 days’ storage was about the same in both eases. 

The viability in storage of sporangia removed from the original culture 
medium was also investigated. Sporangia were harvested from 8- to 10-day- 
old cultures, centrifuged, and suspended in sterile distilled water, with and 
without various supplements. Storage was possible only at temperatures low 
enough to prevent germination. Of the supplements, only dextrose pro- 
longed the viability of the sporangia. 

After 5 days’ storage in distilled water, nearly half the sporangia were 
no longer viable (Table 5). Dextrose in proper concentration approxi- 


TABLE 4.—The longevity of sporangia stored in situ 


Germination of sporangia stored at 


storage pe oad 
90° C., 6° to 12° C. 

Days Pect.b Pct. 

LO 90 90 

lS 82 52 

20) 77 41 

30 57 38 

+0) 34 28 

00 17 22 

60 10 15 


The storage periods include the 10-day incubation period at 20° C. for both tem- 
series. 

The heate of 90 per cent represents the germination rate at the end of the ineuba- 
tion period. 
mately doubled the length of time that the sporangia remained viable. At 
temperatures below 0° C. the sporangia died, and at temperatures higher 
than 2° C. they germinated. At 8° to 10° C. most of the sporangia ger- 
minated within 4 days. 

Drying of sporangia was not tried, because the evidence furnished by 
other investigators proved conclusively that sporangia die rapidly if the 
relative humidity falls even a few per cent below the level of saturation. 
Freezing, lyophilizing, storage in an atmosphere of carbon dioxide or in 
vacuum, immersion in water of undisturbed cultures, storage in peanut-hull 


slurry, all gave unsatisfactory results. 


PRODUCTION AND STORAGE OF MYCELIUM 


De Bary (6) was the first to report that the so-called ‘‘ perennial my- 
celium’’ of Phytophthora infestans in potato tubers was most probably in- 


strumental in perpetuating the fungus from one season to another. He 


stressed the fact that viable mycelium survived for a long time in infested 
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potato tissue. De Bruyn (8) found that the fungus remained viable for 23 
to 4 vears in media composed of sterilized manure or sterilized bog soil. 
There was a likelihood that in some of the media the perfect spores were 


formed (8). 


Culture Methods 


The growth of Phytophthora infestans was studied in various liquid 
media in both shallow and deep cultures. In liquid media, growth consisted 
mainly of mycelium. Sporangia were formed in appreciable numbers only 
if aerial mycelium was produced. Shallow cultures were grown in flasks 
containing a layer of medium 10 to 15 mm. deep. In most cases the shallow 
cultures were left undisturbed during the entire period of incubation. Deep 
cultures were grown in 4-liter Pyrex serum bottles, and the medium was 


TABLE 5.—Ge rmination of sporangia af te r storage in water and seve ral concentra- 
tions of dextrose 


Germination of sporangia 
Storage 


period Dextrose concentration, in per cent 


Distilled 


at 2° C. 

water 5 10 15 20 95 
Days Pet. Pct. Pet. Pct. Pet. Pet. 

0 Q(0a 
5 58 71 78 80 73 37 
10 35 59 59 63 57 42 
15 20 22 39 45 45 32 
20 9 1] 23 25 30 31 


a This figure represents the percentage germination of sporangia, based on the total 
number of sporangia present. Using this figure as 100 per cent, all other percentages 
were calculated therefrom. 
aerated by means of sterile compressed air bubbled through the cultures. 
The media were usually inoculated with a suspension of sporangia in sterile 
water. Inoculum was secured from cultures grown on peanut hull—grain 
media and added to the fresh media at the rate of 1 to 2 per cent by volume. 
Cultures were incubated at 20° C. Extracts from peanut hulls, soybean 
meal, germinated and nongerminated cereal grains were tried alone, in com- 
binations, and in various concentrations ; media were adjusted to about pH 
6.0. Papain-digested extract from soybean meal was also tested. In shal- 
low cultures visible growth appeared usually within 24 hours, and, if the 
cultures were undisturbed, aerial mycelium appeared within 5 to 8 days. 
No apparent increase in the volume of growth occurred in eultures more 
than about 2 weeks old. In cultures more than 3 weeks old, parts of the 
aerial mycelium began to collapse and sink, and within 4 to 5 weeks, little 
if any aerial mycelium was left. The yield of mycelium was determined 
quantitatively by filtration and weighing with appropriate correction for 
solids in the medium. The best growth and yields were obtained on the 
extracts prepared from germinated cereal grains, particularly rye or wheat. 
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Addition of dextrose increased yields, and excellent results were obtained in 
the media to which 0.5 to 1.0 per cent dextrose was added. Im table 6 are 
given representative data on the growth and yield of Phytophthora infestans 
in liquid media. 

The yield, on the basis of fungus produced per 1. of medium or per kg. 
of raw material used, varied greatly. All media which yielded more than 1 
gm. of dry mycelium per |. consisted of extracts of normal or malted grains. 
Best of these were the extracts prepared from rye. Rye steep liquor pro- 
duced the highest yield per 1. of medium, consisting of 2.57 gm. of mycelium, 
and the extract of malted rye produced the highest yield per kg. of raw 
material. Therefore, in subsequent experiments extracts from malted rye 
were used frequently. The addition of 0.002 per cent of FeCl, increased 
the yield of mycelium up to 17 per cent. 

In order to establish the rate of development of the fungus in liquid 
media and the time required for producing the optimal yield, a number of 
2-liter Erlenmeyer flasks, each containing 100 ml. of malted-rye extract plus 
0.5 per cent dextrose, were inoculated and incubated. Three to six flasks 
were removed periodically for determination of yield. The results presented 
in table 7 were obtained from two independent experiments. 


TABLE 7.—Rate of growth of Phytophthora infestans in liquid medium 


Age of culture (days) 


3 5 6 8 6 «638l—l(UiS8l CUShUdTlC OU CO 


Yield of mycelium (gm./1.) 0.03 0.21 0.40 0.90 1.33 1.73 2.24 2.25 2.24 2.20 2.13 1.91 


Maximum yields were obtained within 16 days; the range was 15 to 20 
days, depending upon the rate of growth within different cultures. When 
the cultures reached the maximum yield, a slow decline oceurred that could 
be explained by autolysis of the fungus cells. 

The addition of colloidal matter to liquid media has been found by 
numerous investigators to stimulate the growth of microorganisms. An in- 
quiry was made into the possible effect of agar on the growth of Phytoph- 
thora infestans in liquid culture. It was necessary to determine the effect 
of hot-water extraction upon the weight of mycelium, since such treatment 
would be necessary to remove the agar. The weight of the fungal mat from 
cultures steamed and rinsed with hot water was 47 per cent lower than that 
of the cultures harvested in the usual way. Following these preliminary 
studies, an experiment was made to ascertain the influence of agar on the 
yield of mycelium from liquid media. The medium used was a 1: 25 extract 
from malted rye, plus 0.5 per cent dextrose. The medium was adjusted to 
pH 6.5. Agar was added at the rates of 0.10, 0.25, and 0.50 per cent, and 
the medium without agar was used for the control. These media were dis- 
tributed in 100-gm. quantities into 2-liter, tared, Erlenmeyer flasks, steril- 
ized, and inoculated with 1 ml. of sporangial suspension. After 13 days’ 
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incubation, the flasks were weighed again and the weight made up to 100 
om. with distilled water. The cultures were steamed for 10 minutes, filtered 
while hot, and the fungal mat, which was collected on tared filter paper, was 
rinsed with boiling water to remove all of the agar. 

Control cultures on medium without agar were harvested in the same 
way. After the fungal mats were weighed, the yield figures were increased 
by 47 per cent to make them comparable with other experiments in which 
the fungal mats were neither steamed nor rinsed with boiling water. The 
results indicated that the addition to the medium of colloidal material in the 
form of agar increased the yield of mycelium by 37 to 41 per cent. There 
was very little difference in yield from media containing various concentra- 
tions of agar. The average yield of dry mycelium was 3.62 gm. per |. of 
medium and 80 em. per ke. of raw materials. 

Inasmuch as the extract from malted rye was selected as the best medium, 


TABLE 8.—The utilization of the cxtract from malted ryea 


Noninoculated Inoculated 
Determinations! : 
control media 
Quantit of medium per flask (gm.) 100.00 100.00 100.00 100.00 
Loss due to sterilization and incubation, per 
lask (gm. 13.35 12.58 12.50 12.20 
Yield of fungus, dry weight (gm./1.) 0.00 2.19 2.25 1.80 
~ ble solids used to produce 1 gm. of my- 
celium (gm. 0.00 1.82 1.85 1.8] 
Soluble solids remaining in medium at time 
of harvest (gm./I. 12.08 8.11 7.92 6.82 
otal sugar as glucose (gm./I].) 9.30 4.60 4.30 
Glueose (gm./1.) 6.20 1.90 1.70 


All figures represent averages from at least 5 replicates. 

The medium was prepared quantitatively from extract from malted rye, 1:25 + 0.5 
per cent dextrose. The medium was dispensed in 2-liter Erlenmeyer 4asks, sterilized, in- 
oculated, and incubated for 13 days at about 20° C. 
more detailed tests were made to estimate the rate of the utilization of the 
medium by this organism (Table 8). Over 70 per cent of the total solids 
present were accounted for after hydrolysis as glucose. About 50 per cent 
of the total sugar and about 70 per cent of the sugar determined prior to 
hydrolysis as glucose was utilized by the fungus. 

The growth of many fungi in liquid culture is increased by mechanical 
agitation or forced aeration. The effects of these conditions, and the depth 
of the culture medium, on the growth of Phytophthora infestans were tested. 
In experiments on the effects of agitation and depth of the medium, a 1: 20 
extract of germinated wheat plus 0.5 per cent dextrose was used in 2-liter 
Erlenmeyer flasks at depths of 15, 25, and 35 mm. Representative data are 
given in table 9. The best growth under conditions of these experiments 


was obtained in the undisturbed, shallow eultures. Aerial mycelium was 
abundant in these cultures and absent in all other. In experiments on the 
effect of forced aeration, P. infestans was grown in 4-liter Pyrex serum bot- 
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tles containing 2 liters of a 1: 25 extract of malted rye plus 0.5 per cent dex- 
trose medium. The cultures were aerated by bubbling during the entire 15- 
day incubation period. The average yield per liter for 9 replicates was 1.68 
gm. while that in the unaerated controls was hardly perceptible. Thus 
forced aeration increased yields in these deeper cultures, but still did not 
equal the gm. per |. yield obtained in the shallow, undisturbed cultures 
(Table 9). 


Longevity and Storage 


Attempts were made to increase the longevity of Phytophthora infestans 
mycelium during storage by partial dehydration of the fungal mat harvested 
from liquid media. Individual mycelial mats, harvested from cultures in 
950-ml. Erlenmeyer flasks, were rinsed in sterile distilled water, drained, 
folded into a reniform mass and suspended on filter paper supports over the 
surface of sulphuric acid of concentrations to give relative humidities of 


TABLE 9.—The influence of the depth of medium and agitation upon yielda 


Yield per 
Depth of 


Freatment medium liter of kg. of raw 

medium material 
mm, Grams Grams 
Agitated once a day 15 0.75 13.68 
Undisturbed 15 2.7 49.80 
Do 25 0.94 17.10 
Do 35 0.33 5.93 


a The cultures were incubated for 12 days at about 20° C. 


80.5 to 98.2 per cent (20). Samples were removed and the viability of the 
mycelium tested by transferring it to slants of rye-malt-extract plus dex- 
trose agar. The mycelium was viable for more than 23 days at 98.2 per 
cent relative humidity, for 23 days at 96.2 per cent, for 9 days at 92.0 per 
cent, for 6 days at 84.0 per cent, and for 2 days at 80.5 per cent. Thus 
partial dehydration of P. infestans mycelium impaired rather than increased 
its longevity in storage. 

Observations of de Bruyn (8) indicated that Phytophthora infestans sur- 
vived up to four years in manure or soil. Therefore, tests were carried out 
on the longevity of the fungal mats stored in distilled water, media in which 
the fungus was cultivated, and in sterile soil. Individual fungal mats from 
malted-rye-extract plus dextrose medium were deposited in half-pint fruit 
jars, each containing one of the three substrates. ‘‘Soil’’ was prepared by 
mixing 10 parts of fine, sifted garden-soil with 1 part of powdered peat; it 
was saturated with water. The mycelium was buried in the soil. All jars 
were stored at 5° to 10° C. Periodically, mycelium was removed and trans- 
ferred to slants of rye-malt-extract plus dextrose agar to test its viability. 
The fungus was viable up to 146 days in soil or distilled water, but in the 
culture media viability was greatly reduced. Macroscopic observations indi- 


cated that the fungus grew slowly during storage. 
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In another test the fungus was stored under similar conditions but in 
water containing 1, 5, 10, or 40 per cent dextrose. In 40 per cent dextrose 
the fungus died within 2 days but in all other concentrations it was still 
viable after 52 days. 

DISCUSSION AND SUMMARY 


The purpose of the experiments reported was to develop simple and reli- 
able methods for the production of sporangia and mycelium of the potato- 
late-blight fungus and to prolong its viability in storage. On solid, well- 
aerated, porous media consisting of cereal grains and peanut hulls saturated 
with water, the fungus grew well and produced sporangia abundantly. 
When the cereal grains were replaced with certain legume seeds, such as 
navy bean, growth was even more abundant but sporangia were produced in 
smaller numbers. 

In liquid media growth was also excellent but the number of sporangia 
produced was insignificant. Liquid media were only adapted to the pro- 
duction of the fungus in its mycelial form. 

Artificial aeration of deep cultures of liquid media was essential for good 
erowth. Where the media were in shallow layers, best growth was obtained 
in undisturbed cultures. 

Under optimal conditions, the maximal yield of sporangia was obtained 
after 8 to 10 days’ incubation. Sporangia could be harvested by washing 
them away from the medium with sterile water. About 90 per cent of 
freshly harvested sporangia were viable. They were in general short-lived, 
but the longevity could be somewhat increased by maintaining them in the 
original undisturbed culture or by storing them in a 10 to 20 per cent solu- 
tion of dextrose at temperatures slightly above freezing. 

Mycelium could be grown easily in shallow culture on media consisting 
of the extracts from malted cereal grains, particularly rye with added dex- 
trose. In such media, yields amounting to 2.5 to 3.0 gm. of dry mycelium 
per |. of medium or more than 50 gm. of dry mycelium per each kg. of dry 
raw materials used in the preparation of the media were obtained. <Addi- 
tion of small amounts of agar to liquid media increased the yield con- 
siderably. 

Mycelium survived longer in storage than sporangia. If stored at low 
temperatures in water or wet soil, it remained viable at least 146 days. 

Camp DETRICK, 


F'REDERICK, MARYLAND. 
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Each year root-rot fungi cause losses of stand and reduce yields of pod 


peas in Colorado. The data presented in this paper are confined to a series 


of tests in the field and greenhouse to determine the effectiveness of seed 


treatments, commercial fertilizers, and minor elements in reducing losses 


due to root rot and seed rot. 


SEED TREATMENTS 


Data were obtained from three seed-treatment plots in 1944. One plot 


of the pea variety Laxtonian was planted at Rocky Ford and one plot each 
of Little Marvel and Rogers’ 95 at Fort Collins. All plots were of the Latin 


square design using six treatments and six replications. Each replication 


consisted of two rows with 50 seeds per row. Treatments used were Spergon 


98 per cent tetrachloroparabenzoquinone), Arasan (50 per cent 


methylthiuramdisulfide), and Yellow Cuprocide (93 per cent vellow cuprous 


oxide), each at the rate of 2 ounces per bushel of seed, and New Improved 


Ceresan (5 per cent ethyl mercury phosphate) and Du Pont 1452-F (7.7 


per cent ethyl! mercury p-toluene sulfonanilide) at the rate of 1 ounce per 


bushel. Emergence counts were made on all plots, and vield records were 


obtained from the two plots at Fort Collins. All data were analyzed by the 


analysis of variance method, 


Emergence counts are summarized in table 1. In the Laxtonian plot at 
Rocky Ford, New Improved Ceresan, Du Pont 1452-F, Spergon, and Yellow 
Cuprocide treatments resulted in stands which were significantly better than 
the nontreated. Treatments with New Improved Ceresan, Du Pont 1452-F, 


and Arasan resulted in significant stand increases in the Little Marvel plot. 





Increases resulting from Spergon and Cuprocide treatments approach the 


5 per cent level of significance. All treatments in the Rogers’ 95 plot 


resulted in highly significant stand increases. 


The yield records in table 2 show that significant increases were obtained 
from Arasan, New Improved Ceresan, Spergon, and Du Pont 1452—F in the 


test with Little Marvel peas. No significant yield increases were obtained 


on t} e Rogers’ 95 plot. 


The results agree in general with those obtained in the 19438 tests.‘ 


(Approved by the Director of the Colorado Agricultural Experiment Station for 


iblication as Scientific Series Paper No. 231. 


Formerly Assistant Plant Pathologist, Colorado Agricultural Experiment Station. 


Horticulturist, Colorado Agricultural Experiment Station. 


* Forsberg, J. L., Edward Olson, and A. M. Binkley. Experiments with pea seed 


treatments in Colorado. Phytopath. 34: 753-759. 1944. 
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TABLE 1.—E£ffect of pea seed treatment on emergence 


Mean number of plants emerged from 100 seed 
Treatment 


Laxtonian Rogers’ 95 Little Marvel 

Spergon 90.83 79.33 67.33 
Arasan 87.67 79.67 68.16 
Cuprocide 91.17 79.83 67.33 
New Improved Ceresan 92.00 87.50 71.33 
Du Pont 1452-F 93.00 84.17 71.83 
Nontreated 87.17 60.67 60.33 
Difference required for significance: 

5 per cent level 3.21 4.96 7.53 

1 per cent level 4.37 6.77 10.27 


Pont 1452—-F, which was not used in 1943, showed up well in the 1944 trials. 
All the treatments used gave some increases in stand. New Improved Cere- 
san and Du Pont 1452—F gave the best stands in all three plots. No corre- 
lation between stands and yields was determined. 


SEED TREATMENTS AND FERTILIZERS 


In an attempt to determine whether a combination of seed treatment and 
fertilizer had any effect on stand and survival of plants, a plot in which seed 
treated with Spergon, New Improved Ceresan, and Yellow Cuprocide and 
nontreated seed were planted in combination with seven fertilizers and a 
nonfertilized check. This plot was located in the San Luis Valley on vari- 
able, rocky-gravelly soil which was sub-irrigated during the growing season. 
The fertilizer ratios used were 5—O0-0, 0—30-0, 0-0-4, 5-30-0, 5-0-4, 0-30-5, 
and 5-30-4. Nitrogen was added as ammonium sulfate, P.O; as treble 
superphosphate, and K,O as muriate of potash. The fertilizer was drilled 
in so it was placed below the seed. The rate of application was 200 lb. per 
acre. Plots were single rows, 20 feet long with 102 seeds of Rogers’ 95 
variety planted per row. Each treatment was replicated five times on a 
factorial design basis. Stand counts were made one month after planting. 
The numbers of living plants were counted at picking time and yields of 


pod peas were recorded. 


TABLE 2.—Effect of seed treatment on yield of peas 


Mean yield in ounces of pot peas per plot 
Treatment 


Rogers’ 95 Little Marvel 
Spergon 191.3 101.7 
Arasan 183.0 111.0 
Cuprocide 178.2 93.5 
New Improved Ceresan 189.3 106.0 
Du Pont 1452-F 186.7 101.5 
Nontreated 171.9 90.8 


Difference required for significance: 
5 per cent level 27.7 
1 per cent level 9.3 1 


to 
“J 








652 PHYTOPATHOLOGY | Vou. 37 


TABLE 3.—Effects of seed treatments and fertilizers on emergence of peas 


Mean number of plants emerged per row 
ov ‘ —_ ——_—_— - ee 
Nontreated Cuprocide oes aa Spergon Average 

28.4 53.4 76.6 61.2 54.9 

0 19.8 52.0 71.6 59.6 50.6 

25.8 43.4 80.6 67.0 54.2 

} 33.2 19.0 13.2 65.4 §5.3 

) 27.8 $8.6 66.8 48.6 47.9 

: 21.0 43.2 75.6 63.0 50.7 

} 21.2 39.2 72.0 59.4 47.9 

30-4 33.6 50.0 68.0 58.8 02.9 

Average 26.4 47.4 73.1 60.4 

Difference required for significance: 5 per cent level 1 per cent level 
Between seed treatments 6.6 8.7 
Between fertilizers N.S. N.S. 
Interaction: seed treatments x fertilizers N.S. N.S. 


> 


As shown in table 3, stand increases from all seed treatments were highly 
significant. New Improved Ceresan gave decidedly the best stand and was 
followed by Spergon and Yellow Cuprocide. Differences between seed treat- 
ments were highly significant. There were no significant differences between 
fertilizers. 

Counts of living plants at harvest time showed that the numbers sur- 
viving in the treated lots were significantly greater than those from non- 
treated seed. Differences between seed treatments were not significant. 
None of the fertilizers resulted in significantly greater survival of plants. 
No significant interaction between seed treatments and fertilizers was 
obtained. 

All plots from treated seed produced higher yields of pod peas than the 
plots from nontreated seed. None of the fertilizer applications resulted in 
increased yields (Table 4). 


\BLE 4.—Effects of seed treatments and fertilizers on survival of pea plants 


Mean number of living plants at harvest time 


I, er eS 
send Nontreated Cuprocide ao Spergon Average 
16.0 28.4 18.6 33.2 24.1 
) 13.8 32.8 28.6 27.6 25.7 
19.8 21.6 33.8 32.8 27.0 
| 15.8 22.2 26.2 36.4 25.2 
11.8 28.0 25.8 34.8 25.1 
11.0 23.0 30.0 29.6 23.4 
t 11.6 20.2 31.6 21.6 313 
f 14.8 18.4 18.2 30.8 20.6 
g 14.3 24.3 26.6 30.9 
Difference required for significance: 5 per cent level 1 per cent level 
I een seed treatments 5.8 464 
en fertilizers N.S. N.S 
Interaction: seed treatments x fertilizers N.S. N.S 
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MINOR ELEMENTS 


An experimental plot designed to determine whether the elements Cu, Fe, 
Zn, and Mn had any effect on root rot was planted in the San Luis Valley. 
Each of the four elements, applied in the form of its respective sulfate, was 
used alone and in all possible combinations. Applications at the rate of 
25 lb. per acre were made by drilling so the chemicals were placed in bands 
on each side of the row. Single 20-foot rows were used with a buffer row 
between plots. A randomized block with five replications of each treatment 
was used in the test. Rows were 34 inches apart. All seed was treated with 
Spergon. Records were made of emergence, number of living plants at 
harvest time, and yield of pod peas. No significant differences were ob- 
tained, because the values required for significance were too high on account 
of soil or other variations. It was noted, however, that the plants in some 
of the rows on which Mn was applied remained greener longer than the 
plants in adjacent nontreated rows. 


THE EFFECT OF SEED TREATMENTS IN DIFFERENT SOILS 


Two sets of experiments were run in the greenhouse in an attempt to 
determine why the results of seed treatment tests in the 1943 field trials were 
inconsistent. In the first experiment the effects of New Improved Ceresan 
and Spergon on plant emergence and survival were tested in nine different 
soils, seven of which had been collected in pea fields. Ten seeds of the Wis- 
consin Sweet variety were planted in each 6-inch pot and the pots were 
arranged in a randomized block of four replications. Emergence counts 
were made two weeks after planting, and living plants were counted again 
at the end of two months. 


TABLE 5.—Effect of pea seed treatment in different soils on emergence and sur- 
vival of pea seedlings 


Mean numbers of plants emerged (Emer.) and number 
of plants surviving (Surv.) for 2 months 


Source of soil@ : New Improved os 
Nontreated € I Spergon 
Ceresan 





Emer. Surv. 











Emer. Surv. Emer. Surv. 

Fort Collins 5.0 3.5 8.5 7.0 6.7 5.0 
Fort Collins §.5 5.5 9.2 rp  f 6.0 
Center 7.0 6.2 12 6.7 9.0 9.0 
Sanford 5.0 4.2 715 6.2 8.2 7.0 
Del Norte 6.2 5.2 8.0 5.5 9.0 8.5 
La Jara 4.0 3.0 6.5 5.0 7.5 1.5 
Monte Vista (Bs 5.7 8.2 7.5 8.5 7.2 
Fort Coliins (foothills) 7.0 7.0 7.2 6.0 8.7 8.2 
River sand ..... 9.2 8.5 9.2 9.0 8.5 7.0 
Difference required for significance: Emergence Survival 

5 per cent level 1.91 2.3% 

1 per cent level 2.53 3.08 





« Soils taken from pea fields except for the Fort Collins foothills soil and the river 
sand. 
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The effect of seed treatments in different soils is summarized in table 5. 
In both soil samples from Fort Collins, seed treated with New Improved 
Ceresan produced more plants than nontreated seed. The difference was 
highly significant. The increase obtained from Spergon was significant at 
the 5 per cent level. When Spergon-treated seed was planted in soils from 
Sanford, Del Norte, and La Jara the increase in emergence over that obtained 
from nontreated seed was highly significant. In two of these soils New 
Improved Ceresan gave an increase which was significant at the 5 per cent 
level. No significant differences were obtained on soils from Center, Monte 
Vista, Fort Collins foothills, and river sand. 

The mean number of living plants two months after planting show the 
same general trends as the emergence counts, but the difference required for 
significance is greater than that required in the emergence counts. This 
indicates that factors other than seed treatment influenced the number of 
plants remaining alive. 

THE EFFECT OF SEED TREATMENTS ON DIFFERENT FUNGI 

In the second experiment four fungicides, Spergon, Arasan, Yellow 
Cuprocide, and New Improved Ceresan, were tested for effectiveness against 
four fungi isolated from diseased peas, Rhizoctonia solani Kiihn., Pythium 
ultimum Trow., Ascochyta pinodella Jones, and Fusarium solani (Mart.) v. 
martii (App. et Wr.) Wr. f. 2 Snyd. Pea varieties used were Laxtonian, 


ABLE 6. Effect of seed treatment on « mergene of pea seedlings in soils inocu- 


h different ng 


Mean number of plants emerged per pot 


REPS New 
noculation Nontreated Spergon Arasan Cuprocide Improved 
Ceresan 
R 3’ 9 
No fungus 8.8 8.6 9.6 8.2 9.2 
Rhizoctonia 0.0 6.6 4.6 Bees 5.6 
Pythium 0.0 0.0 0.2 0.2 0.0 
Ascochyta 5.6 8.6 8.2 7.4 6.2 
Fusarium 7.6 7.4 7.6 6.2 7.8 
Little Varvel 
No fungus 8.6 8.2 9.0 9.4 8.6 
Rhizoctonia 0.0 7.0 5.0 0.6 0.2 
Pythium 0.0 4.4 2.0 1.4 0.0 
Ascochyta 8.6 7.8 8.8 8.2 7.8 
Fusarium 7.8 RS 6.8 6 7.8 
Lartoniana 
No fungus 1.3 4.5 4.8 4.7 
Rhizoctonia 0.3 $.] 3.2 $.2 
Pythium 0.0 0.0 0.0 0.0 
Fusar ] 0.3 0.3 0.0 0.6 
Difference requ red for significance: jo" per cent level ] per cent level 
Rogers’ 95 2.02 2.68 
tle Marvel 1.41 1.86 
nial 0.53 0.70 
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Little Marvel, and Rogers’ 95. Pure cultures of each fungus were grown 
for two weeks on autoclaved oats in 250-ml. Erlenmeyer flasks. The contents 
of one flask were mixed with steamed soil for two 6-inch pots, and the mix- 
ture was allowed to stand in the pots for one week. Ten seeds were planted 
in each pot. The pots were arranged in an equalized block design of five 
replications. They were watered as needed to keep the moisture content of 
the soil favorable for plant growth. Emergence counts were made two 
weeks after planting. 

Emergence counts obtained in these experiments are summarized in 
table 6. No significant increase in emergence was obtained from any seed 


treatment when Fusarium solani var. marti f. 2 was in the soil. Emergence 





Fig. 1. Little Marvel peas in steamed soil without fungus inoculation (A), with 
Rhizoctonia solani (B), with Pythium ultimum (C), with Fusarium solani var. martii (D). 
In each series reading from left to right. Back row, left, untreated seed; center, Spergon- 
treated seed; right, Arasan-treated seed. Front row, left, Cuprocide-treated seed; right, 
New Improved Ceresan-treated seed. 
in the Laxtonian variety was greatly reduced by this fungus; emergence of 
Rogers’ 95 was slightly reduced, but emergence of Little Marvel was not 
significantly affected. 

Spergon gave a significant increase in emergence in all varieties when 
Rhizoctonia solani was contained in the soil. Arasan was also effective in 
the two tests in which it was used on this fungus. New Improved Ceresan 
gave increased emergence with Laxtonian and Rogers’ 95. Cuprocide was 
only slightly effective against Rhizoctonia. 

Spergon, Arason, and Cuprocide gave a slight degree of control of 
Pythium ultimum on Little Marvel, but no fungicide was effective against 


this funeus in the other two tests. 
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Spergon and Arasan were effective against Ascochyta pinodella in the 
Rogers’ 95 test, but treatments were not significantly better than the non- 


treatment in Little Marvel. 
DISCUSSION 

These experiments show that seed treatments are beneficial in increasing 
the emergence of pod peas. Fertilizers were not beneficial in these tests, 
Attack by root rotting organisms after the plants have emerged is not con- 
trolled by seed treatment, but the protection offered against pre-emergence 
attack is often great enough to result in increased yields. The chemicals 
used as seed treatments vary in their effectiveness against different organ- 
isms. Pea varieties vary in their reactions, but the type and amount of 
fungus in the soil is probably the most important factor affecting emergence 
or pea seedlings. 

SUMMARY 

Pea seed treatment with New Improved Ceresan, Arasan, Spergon, Yel- 
low Cuprocide, and Du Pont 1452-F generally resulted in increased stands. 
Combinations of fertilizers with seed treatments did not increase the effee- 
tiveness of the seed treatments. Addition of Cu, Fe, Zn, and Mn did not 
inerease stands or yields. Effectiveness of seed treatment varied in different 
soils, against different fungi, and on different pea varieties. 

CoLoRADO AGRICULTURAL EXPERIMENT STATION, 

Fort COLLINS, COLORADO. 
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CONCEALED DAMAGE OF PEANUTS IN ALABAMA? 
CoyvTtT WILSON 
(Accepted for publication June 9, 1947) 
INTRODUCTION 


Concealed damage is the name used in the peanut trade to designate a 
type of damage that is not visible until the seed is broken open. It consti- 
tutes the greatest obstacle the sheller must overcome in supplying the trade 
with good quality peanuts. Shrivels, splits, and foreign matter can be re- 
moved by screening or winnowing, and visibly damaged seeds can be 
removed on the picking belt. On the other hand, seeds with concealed dam- 
age cannot be separated from sound ones by any method in use at present. 
The present procedure is to sample and grade the peanuts as they are deliv- 
ered to the shelling plant and segregate those lots that contain appreciable 
amounts of this type of damage. This requires additional storage space and 
involves extra labor. 

In addition to expense and inconvenience to shellers and processors, there 
is economic loss to the grower. Under prevailing market regulations, the 
price received by the grower is determined by the percentage of sound 
mature seeds that can be shelled from a sample and by the amount of dam- 
age. If damage exceeds 2 per cent a penalty is imposed. Since each dam- 
aged seed might have been sound, losses to the grower are pyramided. He 
loses what he would have received had the damage failed to develop and he 
pays a penalty because it did. 

Concealed damage is more prevalent in peanuts of the runner type than 
in Spanish peanuts. Since about 95 per cent of Alabama’s peanut acreage 
is planted to runner peanuts, this disease is of great importance to the farm- 
ers of southeastern Alabama. In 1945 losses were exceptionally heavy, 
approximately 24 million dollars in Alabama, and many growers suffered 
penalties of $25 to $75 a ton. 

Concealed damage has been known for several years. Peanut processors 
and shellers in southern Alabama and Georgia report that some confection- 
ers and candy manufacturers discontinued the use of runner peanuts as 
early as 1930 because of its prevalence. Little concern was evidenced, how- 
ever, until present marketing regulations became effective January 1, 1944. 
At that time there was relatively little information available on the cause, 
epiphytology, or control of the disease. In July, 1944, Higgins (2) reported 
that Rhizoctonia, Sclerotium bataticola, Pencillium, and Rhizopus had been 
isolated from damaged seeds and that the incidence of disease could be mate- 
rially reduced by harvesting methods that would promote rapid curing. In 
the fall of that year, work was begun at the Alabama Agricultural Experi- 


1Summary of a thesis presented in partial fulfillment of the requirements for the 
degree, Doctor of Philosophy, granted by the University of Minnesota, March, 1946. 
Experimental work done at the Alabama Agricultural Experiment Station. 
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ment Station to determine the cause of concealed damage, and the factors 
that affect its development, so that control measures could be studied on a 


sound experimental basis. 


METHODS AND MATERIALS 


The studies on the etiology, epiphytology, and control of concealed dam- 
age have consisted of field surveys and observations, and laboratory experi- 
ments. 

The amount of damage was determined as follows: Samples of either 300 
or 500 gm. of unshelled peanuts were screened to remove dirt and small 
rocks, and all other foreign matter was removed by picking. The sample 
was shelled, and the shriveled seeds were removed by screening. Visibly 
damaged seeds were next removed. The remaining seeds were cracked open 
and those having damaged cotyledons were removed and weighed. This dam- 
age, expressed as a percentage of the original unshelled sample, was recorded 
as concealed damage. 

[In isolating from the damaged nuts, four seeds were placed in each Petri 
dish, in order to conserve time and space. Cultures were transferred to 
agar slants for identification. With such a system, cultures rarely are 
obtained from all of the seeds plated. Seeds that are slow in yielding 
cultures frequently are over-run by the cultures from other seeds. 


Additional methods and materials are given where necessary. 


THE DISEASE 

Symptoms. Concealed damage first becomes evident as a slight discol- 
oration on the inner face of the cotyledon. As the disease progresses, the 
discoloration changes from light vellow to dark yellow and eventually to 
dark purple. A dense mycelial mat, usually white, gray, or a very light 
purple, develops between the cotyledons. No fruiting structures have ever 
been observed on this mycelial mat. As internal discoloration becomes more 
pronounced, changes occur externally. The seed coat becomes shriveled, 
the seed loses its brittleness, and it finally develops a dark purple to black 
eolor. These changes are shown in figure 1. A strongly rancid or bitter 
taste develops before there are any external symptoms. 

The mycelium develops in the cavity between the cotyledons, but no 
penetration of the host tissues by the hyphae has been observed in such 
seeds. Apparently breakdown of the host cells is accomplished by toxins 
that are secreted by the mycelium. In the later stages, when external symp- 


toms are evident, hyphae can be found in and between the cells of the host 


tissut 

These symptoms apply to more than 95 per cent of the affected seeds collected in 
Alabama. Occasionally slightly shriveled seeds that appear to be sound on the outside 
possess an enlarged cavity between cotyledons. The inner faces of these cotyledons are 
sometimes slightly discolored but the trouble appears to be physiological. Another type 
of damage sometimes encountered seems to be a soft rot that begins in the ‘‘germ’’ of the 
seed. These two types of damage are relatively unimportant in Alabama and have been 


1 from the discussion that follows. 
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Either one or both of the seeds within a pod may be damaged. There 
is no tendency for the disease to begin at either end of the pod. 

Effect on Quality. There is relatively little information concerning the 
effect of concealed damage on the chemical composition of the seed. The 
data that are available deal with the properties of the oil from peanuts con- 
taining varying amounts of damage. Woodruff and Cecil (7) cured pea- 
nuts in 21 different ways and noted the effect of the method of curing on 
the quality of the seed and the properties of the oil. Their figures show 
that the percentage free fatty acids in the oil rises as the damage increases. 
There was no correlation between the percentage damage and the total oil, 
or the refractive index, viscosity, specific gravity, or light transmission of 


the oil. 





Fig. 1. Outside and inside views of peanuts with concealed damage. The seed at 
the left is not damaged. The other five seeds show varying degrees of damage. At the 


extreme right the damage is no longer concealed. 


Stansbury, Guthrie, and Hopper (3), at the Southern Regional Research 
Laboratory in New Orleans, also found that the percentage of free fatty 
acids was higher in oil from samples containing damaged seeds. There was 
no correlation between the percentage damage and the total oil content, the 
nitrogen content, or the iodine number of the oil. 

In order to establish the relationship between the percentage of damage 
and the percentage of free fatty acids, samples of peanuts were broken open 
and all damaged seeds removed. The sound seeds and the damaged seeds 
were ground and passed separately through a 16-mesh screen. From the 
meal obtained, 100-gm. samples containing definite proportions of damage 
were prepared. Samples containing 0, 2, 5, 10, 25, 50, and 100 per cent 
damage were used. The oil was expressed from these samples in a hydraulic 
press at a pressure of 4,500 pounds per square inch for 30 minutes. The 
percentage of free fatty acids was determined by titration with 0.1 N NaOH. 
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The average percentage of free fatty acids varied from 0.309 in the oil from 
undamaged peanuts to 15.341 in the oil from the sample in which all seeds 
were damaged. The relationship existing between the percentage damage 
and the percentage of free fatty acids in the oil approaches a straight line 
(Fig. 2). 

Point of Origin. Field surveys were made in 1944 and in 1945 to deter- 
mine, so far as possible, the conditions under which concealed damage de- 
velops. 

Twenty samples of peanuts were collected from as many different fields 
before digging. From each sample a 500-gm. lot was shelled and graded. 





20 r ' T T 


ACIDS 


FATTY 


FREE 


PER CENT 











1 rn rn 4 1 


5 10 25 50 75 100 





PER CENT DAMAGE 
Mic. 2. The percentage of free fatty acids in the oil from peanuts containing various 
ts of concealed damage. 

In one lot, collected from an area of deep, coarse sand, 12 per cent damage 
was found; in another there was 3 per cent, and in another there was 2 per 
cent In 10 other fields there was a trace (less than 0.5 per cent) of damage. 
In every instance the disease was still in its early stages. The cotyledons 
were distinetly yellow, and most of them had an unpleasant taste. No myee- 
lial mats were found, but typical symptoms developed when samples were 
eured slowly. It is evident, therefore, that the disease can have its origin 
in the field. 

These findings suggest the possibility that the damage that develops in 
the stack results from infections that occur in the field before the peanuts 
are dug. To check this possibility, green peanuts of the runner type were 
picked by hand, brought into the laboratory, graded, and found to contain 
0.2 per cent damage. After being thoroughly mixed they were divided into 
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two lots. One lot was spread on a hardware-cloth screen to cure rapidly; 
the other lot was immersed in 0.5 per cent sodium hypochlorite solution for 
two hours, then placed without washing in battery jars that had been washed 
with 1: 1,000 mercuric chloride solution. These were covered with glass lids 
without sealing, and placed on the laboratory shelves for one week. The 
peanuts were removed daily from the two battery jars, thoroughly mixed, 
and returned to the jars. This daily aeration prevented the formation and 
retention of drops of free water on the peanut shells. At the end of one 
week the peanuts were transferred to new paper bags and stored for 35 
days at room temperature, after which both lots were graded. Those pea- 
nuts cured rapidly on hardware-cloth screen contained only 0.5 per cent 
damage, while those cured slowly after surface disinfection contained 12.0 
per cent damage. Thus, infection may occur before the peanuts are dug 
and conditions prevailing during the curing process determine the extent 
to which it develops. 


TABLE 1.—The relationship between the method of curing and the development of 
concealed damage in runner peanuts 








Percentage of damage 








; Sz 4s 
Method of curing amples 
collected 
Range Average 
Number Per cent Per cent 
Windrow 2 0.0-— 0.5 0.25 
Symmetrical stacks, well capped 7 0.5-— 7.0 1.80 
Rough or uncapped stacks 13 0.0—14.0 3.60 
Cocks 7 1.0—10.0 5.70 


Effect of Method of Curing® on Incidence of Concealed Damage. In the 
fall of 1944 after the peanuts had been dug, samples were collected from 
different types of stacks, from cocks, and from windrows. An effort was 
made to obtain a representative sample from each stack or cock by selecting 
peanuts from a number of points in and around the stack or cock and at 
several points in the windrow. Each sample consisted of about 2 lb. of 
peanuts picked by hand. Determinations of the amount of damage were 
made on 500-gm. lots from each sample. A summary of the findings is 
in table 1. 

Development of damage was associated with rate of curing. Peanuts 
cured rapidly in windrows contained considerably less damage than those 

3 After peanuts are dug and the adhering soil removed by shaking, they are allowed 
to cure until the moisture content of the seeds is reduced to about 10 per cent or less. 
In dry weather some peanuts are cured loose in windrows. The difficulty of moving dry 
peanuts to the picker causes some growers to pile the peanuts into small to medium sized 
heaps. These are called cocks and usually are about 4 ft. in diameter and from 2 to 4 ft. 
high. The most common method of curing is by stacking. A stack is formed by placing 
wilted plants around an upright pole about 5 ft. high that has two cross arms 36 to 42 in. 
long nailed to the pole at right angles to each other about 18 in. above the ground. The 
best stacks are about 4 ft. in diameter, are of symmetrical shape, and have the tip of the 
stack pole covered with peanuts to provide a cap that sheds water. However, stacks vary 
considerably in size and shape in different fields depending upon the care with which they 
were erected. 
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TABLE 2.—Development of concealed damage in different parts of peanut stacks 


Amount of damage 


Sample No. Method of curing - 
Top—outside Bottom—center 
Per cent Per cent 
] Cock 1.0 11.0 
Z Do 1.0 35.0 
3 Do 0.0 6.0 
} Do 0.0 7.0 
5 Do 0.0 18.0 
6 Do 1.0 10.0 
7 Do 1.0 8.0 
8 Stack 1.0 3.0 
9 Do 1.0 1.0 
10 Do 0.0 20.0 
1] Do 0.5 1.0 


cured more slowly in stacks or cocks. This is further emphasized in table 2. 
Samples were collected from the top and outside and from the bottom and 
center of stacks and cocks, and the amount of damage was determined. 
With one exception there was considerably more damage on the inside where 
curing had been slow. 

In 1945 green runner peanuts were picked by hand, thoroughly mixed, 
graded, and divided into four lots of 40 lb. each. At this time the peanuts 
contained 0.38 per cent damage. Each lot was cured in a commercially 
built home dehydrator cabinet from which the heating elements had been 
removed. The rate of curing was varied by disconnecting the circulating 


n some cabinets and by varying the size of the air vents in others. 


rans 
The results are in table 3. The fastest rate of curing was obtained in 
Cabinet No. 4, in which the moisture content dropped from 47.1 to 7.0 per 
eent within 5 days. The slowest rate of curing occurred in Cabinet No. 1, 
in which 19 days were required for the moisture to drop from 47.1 to 8.2 
per cent. In Cabinets No. 2 and No. 3 the rates of curing were intermediate 
between that of No. 1 and that of No. 4. 

However, concealed damage does not develop to any appreciable extent 
until the moisture content is reduced to about 35 per cent. The time re- 
quired for completion of the curing process after this point is reached 


TABLE 3.—The rate of curing and the de velopment of damage in runner peanuts 
1 dehydrator cabinets 


Percentage of moisture 
as Percentage 


Cabinet 44 of damage 
No time of “Atter After After After After After After at end of 
ime lday 2days 3days Sdays 7days 11 days 19 days experiment 


digging 


t7.J t3.7 $2.5 42.2 38.2 38.2 12.2 8.2 0.6 
47.1 35.2 26.0 25.7 25.0 22.2 10.2 6.7 9.0 
47.1 a2 22.2 21.0 18.2 16.2 8.2 8.2 0.7 
} 47.1 30.7 21.2 14.2 7.0 6.5 6.5 6.5 0.6 
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determines, to a large extent, the amount of damage that develops. Thus, 
in Cabinet No. 2, 10 days were required to reduce the moisture content from 
35 to 10 per cent. These peanuts were 9.0 per cent damaged at the end of 
the experiment. The moisture content of the peanuts in Cabinet No. 1 
remained above 38 per cent for 7 days, at which time the circulating fan was 
connected and the moisture content reduced to 12 per cent within 4 days. 
These peanuts had only 0.6 per cent damage even though the over-all rate 
of curing was about the same as in Cabinet No. 2. 

Development of Concealed Damage in Peanuts Stored at Different Mois- 
ture Levels. Green peanuts were picked by hand, thoroughly mixed, and 
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FiG.3. Development of concealed damage in stored peanuts containing different 
amounts of moisture. 
placed on a hardware-cloth screen in the greenhouse. Samples were re- 
moved at various times thereafter and stored in $-gallon Mason jars. These 
were covered with glass lids but not sealed and stored in the laboratory at 
room temperature. The moisture content and the amount of damage were 
determined at the time the peanuts were put into the jars and again 68 
days later when the peanuts were removed and graded. At the beginning 
of the experiment the peanuts contained 0.3 per cent damage. This initial 
0.3 per cent was subtracted at the time the final notes were taken and the 
increase in damage recorded. The results are shown graphically in figure 3. 
There was no increase in damage in the peanuts stored at 9.5 per cent mois- 
ture or less. At 12.5 per cent moisture there was 2.2 per cent damage, an 
increase of 1.9 per cent. Above this moisture level the damage content rose 
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rapidly as the percentage moisture increased, reaching a total of 60.5 per 
cent when the peanuts were stored at a moisture level of 25 per cent. At 
higher moisture levels the percentage damage was less. There are no experi- 
mental data to explain the fact that green peanuts do not decay so rapidly 
as those that are partially cured. Where runner peanuts are ‘‘hogged-off’’ 
they sometimes remain in the soil for six weeks or two months after they 
are mature without appreciable seed decay. The lower temperatures that 
prevail in the soil probably prevent development of decay but the above 
data suggest that the high moisture content of the seeds also plays a rdle. 

Effect of Soil Type, Fertilizer Practices, and Cropping System on Devel- 
opment of Concealed Damage. There appears to be no relationship between 
soil type or kind or amount of fertilizers used on the amount of damage that 
develops. No controlled experiments have been conducted, but concealed 
damage has been found in peanuts grown on light sandy soils, on sandy loam 
soils, on silt loam soils, and.on clay soils. On some farms peanuts are 
planted without commercial fertilizer ; on others various amounts of different 
kinds of fertilizers are used. Some growers use as little as 200 lb. an acre 
of 0-14-10 while others use as much as 400 lb. an acre of 3—8—5 with or with- 
out the addition of lime to the soil. Concealed damage may develop under 
any of these conditions. If these factors exert any influence at al! on the 
development of concealed damage, their effect is very easily overshadowed 
by the weather conditions that prevail during the harvesting season. 

Concealed damage seems to be slightly more prevalent in fields that are 
cropped to peanuts continuously. It is difficult to establish this fact by 
field surveys because of the variability of other factors. Nevertheless, the 
fields on which the higher percentages of concealed damage are found are 
usually those on which peanuts have been grown continuously for a number 
of years. 

Isolations from Damaged Seeds. Preliminary studies in 1944 (5) re- 
vealed that, regardless of the medium used or the method of sterilization, the 
predominant organism isolated from seeds with concealed damage was 
Diplodia theobromae (Pat.) Nowell, an imperfect stage of Physalospora 
rhodina (B. and C.) Cke., according to Voorhees (4). Data obtained in 
1945 and in 1946 confirm this conclusion. Most of the seeds were disinfected 
by dipping in silver nitrate, 1-1,000, for 2 to 3 minutes. They were trans- 
ferred directly without washing to 1 per cent potato-dextrose agar acidified 


with lactic acid. <A total of 2,729 seeds from 28 different samples have been 
plated. <A total of 2,142 cultures of fungi were obtained, of which 1,869 
or 87.2 per cent were D. theobromae. Various species of Fusarium ranked 


second with 116 cultures. Sclerotium bataticola was obtained from 28 seeds. 
Sclerotium rolfsii and Rhizoctonia were isolated from two seeds each. Mais- 
cellaneous fungi, including species of Penicillium, Aspergillus, and Rhizopus 
made up 125 cultures. Bacteria were isolated occasionally from seeds in 
the later stages of decay. 


In order to determine the relationship between symptoms and fungi, 100 
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seeds with varying degrees of damage were selected. Each of these was 
numbered, and one half of each was plated. The other half was retained 
to determine fungi associated with symptoms. Of the 100 seeds plated, 90 
yielded one or more fungi. Diplodia theobromae was isolated from 85 seeds 
and in 80 of these it was the only fungus obtained. Sclerotium bataticola, 
a species of Fusarium, Rhizopus nigricans, and unidentified fungi were 
isolated either alone or in combinations from 10 seeds. The 80 seeds yield- 
ing only D. theobromae showed symptoms of the early stages of concealed 
damage, while those that yielded other fungi or mixtures were in the ad- 
vanced stages of decay. From these results it is evident that the primary 
invader and cause of concealed damage is D. theobromae. As the tissues 
break down, other fungi such as species of Fusarium spp., 8. bataticola, and 
other soil inhabiting fungi enter as secondary invaders. 


STUDIES ON CONTROL MEASURES 


The results of the work on the relationship between the rate of curing 
and the development of concealed damage together with numerous field 
observations provide a basis for predicting practices that will reduce the 
amount of damage. These are (1) rapid curing methods, and (2) use of 
resistant varieties. 

Since the disease develops most rapidly when peanuts are cured slowly, 
the moisture content should be reduced as rapidly as possible. Peanuts 
cure rapidly in windrows if there are not heavy and prolonged rains, but 
in Alabama a safer method is to cure the peanuts in small to medium sized 
stacks (6). 

Spanish peanuts seldom contain more than 1 per cent concealed damage 
and often contain none at all. The reason for this has not been established. 
Spanish peanuts do not produce so much vine growth as runners and for 
this reason should cure faster. Another possible explanation lies in the 
nature of the seed coat. The seed of the runner peanut is covered with a 
fairly thick and tough skin, which effectively conceals the deterioration of 
the embryo through the early stages. The coat of the Spanish peanut is 
relatively thin and translucent, and any damage of the embryo soon becomes 
visible. It is also possible that the Spanish may be more resistant than the 
runner peanut. 

Dixie Runner, a variety recently released by the Florida Agricultural 
Experiment Station, appears to have a great deal of resistance to concealed 
damage. Not more than 1 per cent concealed damage was found by Carver 
and Hull (1) in any of 30 samples of Dixie Runner grown in different parts 
of Florida. Ordinary Florida runners graded at the same time contained 
8 to 20 per cent concealed damage. 

Data collected in Alabama confirm the Florida results. In 1945 samples 
were collected from Dixie Runners stacked under different conditions and 
from cocks. There was less than 0.5 per cent concealed damage in each 
sample collected. Alabama runners cured under similar conditions con- 
tained 2 to 30 per cent concealed damage. 
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[In 1946 approximately 25 lb. each of green Dixie Runners and Alabama 
runners were picked by hand. Both lots were placed in the same drying 
cabinet and cured slowly to promote the development of concealed damage. 
When the peanuts were graded 65 days later, the Dixie Runners contained 
only 1 per cent concealed damage, while the Alabama runners contained 6 
per cent. Since the two varieties were grown on different fields these results 
if taken alone would not be conclusive. 

Further evidence of the resistance of Dixie Runner was obtained as fol- 
lows: The peanuts from a variety test, planted in duplicate, were harvested 
and eured in cocks on the ground. Both replicates of a given variety were 
mixed and placed in one cock. After 2 months, a 3-lb. sample was picked 
by hand from each variety. The ordinary Alabama runners contained 9.5 
per cent concealed damage. The Dixie Runner contained only 1 per cent. 
Two other hybrid lines were intermediate between these. 

The data taken collectively appear to be sufficient to prove that Dixie 
Runner is more resistant to concealed damage than the runners commonly 
erown in Alabama and Florida. They are not sufficient to establish definite 
numerical ratings of the resistance of the different varieties. 


DISCUSSION 

Concealed damage has been found in peanuts grown on all types of soil, 
following various methods of fertilization and cropping practices and in 
peanuts cured in windrows, cocks, and stacks of different sizes and shapes. 
Sometimes there is less than 2 per cent damage in stacked or cocked pea- 
nuts, the hay of which is almost completely rotted. In other instances, 
there may be 5 to 10 per cent damage in peanuts having bright green, well 
eured hay. 

The findings reported above help to clarify the questions regarding the 
eause of concealed damage. The figures show that the total length of time 
required for peanuts to cure is of less importance than the length of time 
required to complete the curing process after it has started. Peanuts that 
are stacked green in the rain and subjected to damp rainy weather for a 
week or more retain their moisture content at a high level. However, there 
is no appreciable development of damage until curing starts. If the curing 
process is rapid after it starts, the peanuts will contain relatively little 
damage. If, on the other hand, curing starts and the moisture content drops 
to approximately 30 per cent and the rainy weather sets in for several days 
the peanuts are likely to contain considerable concealed damage even though 
the hay is bright and well cured. 

Since the pathogenicity of Diplodia theobromae has not been established 
by inoculation and reisolation,* the conclusion that this fungus causes the 
disease is open to question. However, this fungus makes up almost 90 per 
cent of all cultures obtained from peanut seeds having concealed damage; 


+ After this manuscript was accepted for publication Garren and Higgins (Phytopath. 
37: 512-522. 1947) reported the production of concealed damage in surface disinfected 
peanut seeds by inoculation with either Diplodia sp. or Sclerotium bataticola. 
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and, in the early stages of the disease, it is the only fungus that can be 
isolated by the techniques employed in these investigations. These facts 
have been demonstrated over a period of 3 years, during which time over 
2500 seeds from more than 20 different samples have been plated. All of 
the evidence is in favor of D. theobromae being the principal causal agent 
of concealed damage in southeastern Alabama. 

Since Diplodia theobromae is universally present in the peanut fields of 
southern Alabama there is little, if anything, that can be done to prevent 
infection. The extent to which these infections develop can be regulated. 
By following practices that promote rapid curing the grower nearly always 
can keep the percentage of concealed damage to less than the 2 per cent 
that is allowed without penalty. 

Although stacking peanuts is a laborious and an expensive process, it is 
the only dependable method that is known at the present time by which the 
grower can produce a quality product. Dixie Runner, or other resistant 
varieties probably will replace those being grown at present, thereby reduc- 
ing the importance of concealed damage. There is also the possibility that 
mechanized methods of harvesting will be developed that will eliminate 
weather hazards and thus help to standardize the quality of the peanuts 
offered for sale. 


SUMMARY 


1. Concealed damage of peanuts is a type of seed decay that begins on 
the inside of the seed and is not visible until the seed is broken open. 

2. Damaged seeds have a strong rancid taste that renders them unfit for 
the confectionery trade. This rancidity is associated with an increase in the 
percentage of free fatty acid. 

3. Most, if not all, of the infections occur in the field before the peanuts 
are dug. The extent to which the infection develops depends upon the way 
the peanuts are handled after digging. 

4. The rate of curing is the most important factor affecting the develop- 
ment of concealed damage. 

5. Concealed damage develops fastest in peanuts containing 15 to 35 
per cent moisture. Above and below this moisture level the development is 
slower. If the peanuts have 10 per cent or less moisture at the time they 
are stored, the disease makes no appreciable progress. 

6. The development of concealed damage is not associated with any par- 
ticular soil type or fertilizer practice. The disease appears to be more com- 
mon on land that is cropped to peanuts continually. 

7. The fungus most frequently isolated from damaged seeds is Diplodia 
theobromae, one of the imperfect stages of Physalospora rhodina. Other 
fungi, species of Fusarium and Penicillium, Sclerotium bataticola, and other 
soil inhabiting fungi, are sometimes isolated but in most instances these 
fungi seem to come in as secondary invaders after the seed reaches the 
advanced stage of decay. 








668 PHYTOPATHOLOGY [Vou. 37 


8. In the field the disease is most common in peanuts cured in cocks, 
Windrow-cured peanuts, as a rule, contain less concealed damage than 
stacked or cocked peanuts. 

9. The disease usually is unimportant in Spanish peanuts. 

10. A new variety of runner peanuts, Dixie Runner, appears to be rather 
resistant to the disease. 

ALABAMA AGRICULTURAL EXPERIMENT STATION, 

AUBURN, ALABAMA. 


LITERATURE CITED 


CARVER, W. A., and Frep H. HULL, Peanut Improvement. Ann. Rept. Florida Agric. 


Exp. Sta. p. 37. 1945. 

Hiceins, B. B. ‘‘Concealed Damage’’ of runner peanuts. Georgia Agric. Exp. Sta. 
Press Bul. 536. 1944. 

STANSBURY, MAcK F., JOHN D. GUTHRIE, and T. H. Hopper. Analyses of peanut 


kernels with relation to U. 8. Standards for farmers’ stock peanuts. Oil and 
Soap 21: 239-247. 1944. 


t, VoorHEES, R. K. Life history and taxonomy of the fungus Physalospora rhodina, 
Fiorida Agric. Exp. Sta. Tech. Bul. 371. 1942. 

5. Wuitson, Cort. A Diplodia associated with concealed damage in peanuts. Phytopath. 
30: 480. 1945. 

6. , and J. P. WILSON. Field studies on the relationship between the 


method of curing and the development of concealed damage in runner peanuts. 
U.S. Dept. Agr., Pl. Dis. Reptr. 29: 61-63. 1945. 

7. Wooprurr, J. G., and S. R. Cecit. Studies with peanuts and peanut products. 
Georgia Agric. Exp. Sta. Publ. (Not numbered and not dated.) 























BLUE-BLACK DISCOLORATION OF SPANISH PEANUTS! 


KENNETH H. GARBREN, B. B. HIGGINS, AND 
J. G. FUTRAL2 


(Accepted for publication June 10, 1947) 
INTRODUCTION 


Spanish peanuts marketed by Georgia farmers are frequently graded 
down because of a prominent blue-black discoloration of a large percentage 
of the seeds. These discolored seeds often work through trade channels to 
confectioners and other processors. Development of this discoloration suf- 
ficient to be troublesome does not occur every season. In some years buyers 
and shellers find such a small percentage of blue-black discolored seeds that 
they do not report discoloration as a reason for grading down peanuts. 
There are seasons, however, during which peanut shellers have reported 
losses up to twenty-five per cent resulting from this discoloration. In such 
seasons entire lots are often rejected by peanut brokers. 

In the southwestern United States this discoloration is known as ‘‘blue- 
damage.’’* The condition, however, has not been given a definite name in 
other peanut producing sections. The discoloration undoubtedly is fre- 
quent on Spanish peanut seeds wherever this variety is grown, but it has 
never been reported on other types of peanuts. Since Georgia is the center 
of Spanish peanut production, the discoloration has become of more concern 
here than elsewhere. 

Because of its economic importance, an investigation of this discoloration 
has been undertaken. Out of this study have come definite conclusions con- 
cerning the cause of the discoloration, an explanation of its sporadic appear- 
ance, and suggestions for its control. 


DESCRIPTION 


As a general rule, when this discoloration is found in a seed lot, a large 
proportion of the seeds are conspicuously affected. Occasionally, however, 
lots have been found in which only a very few seeds were conspicuously dis- 
eolored. Examination of samples from many fields throughout Georgia has 
shown that the discoloration may occur in such an inconspicuous form and 
on so few seeds that it may be easily overlooked. There is, then, a wide 
variation between lots both in percentage of discolored seeds and in intensity 
of the discoloration. 

As it appears on the seed coat this discoloration varies through several 
shades of blue-black. One discolored spot may be of several shades, or dif- 


1 Paper No. 169, Journal Series, Georgia Agricultural Experiment Station. 

2 This study, begun by B. B. Higgins, was continued by the senior author after Octo- 
ber, 1945. J.G. Futral designed and conducted most of the experimental work on curing 
methods. Contributions of others to the study will be acknowledged by footnotes. 

3 Samples showing ‘‘ blue-damage’’ received from the De Leon Peanut Co., De Leon, 
Texas, through the courtesy of Mr. Paul J. Mitchell, Jr., National Peanut Council. 
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Fig. 1. Blue-black discoloration of Spanish peanut. A. Variation in size and shape 
of discolored areas on seed coats of peanuts cured in stacks. B. Discolored peanuts from 
farmer’s stock in Texas, 1946. C. Discoloration produced by inoculating cured peanuts 
with selerotia of Sclerotium rolfsii. D. Discoloration produced by placing crystal of oxalie 
acid against pods on living plants. E. Discoloration produced by soaking green peanuts 
in expressed juice of autoclaved culture of Sclerotium rolfsii. F. Nondiscolored peanuts 
from farmer’s stock in Georgia, 1946. G. Seeds from farmer’s stock peanuts with seed 
coats removed, showing discoloration of cotyledons associated with blue-black discolora- 


tion of the seed coats. H. Nondiscolored seeds from farmer’s stock peanuts with seed 
Discoloration of cotyledons associated with seed coat discoloration pro- 


eoats removed g 


duced artificially with oxalie acid. 
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ferent spots on the same seed may be of different shades. Usually the dis- 
coloration is limited to definite spots (Fig. 1, A). In a few instances, how- 
ever, the discoloration may appear as a streak following veins of the seed 
coat or the suture between the cotyledons. The spots vary greatly in size, 
the smallest being about two mm. in diameter. Small spots are circular, 
with a center which may be bleached, slightly darker than the seed coat, or 
the natural color of the seed coat. This gives a distinet ‘‘bull’s-eye’’ effect. 
Large spots are irregular in shape, with no evident center; sometimes they 
appear to result from coalescence or overlapping of smaller spots. Although 
discoloration is most frequently found surrounding the hilum, it is not con- 
fined to this area. All possible variations in discoloration of individual 
seeds can be found in a single lot of seeds discarded by peanut processors. 
When the seed coats are removed from blue-black discolored seeds, it is 
found that a considerable proportion of the cotyledons are not discolored, 
and that an even greater proportion have either a yellow or blue-black dis- 
coloration which is so faint as to be discernible only upon close observation. 


TABLE 1.—Relationship of external shell characteristics to blue-black discoloration 
of Spanish peanut see ds 


Total Percentage 

Appearance of shell number of discolored 
of seeds seeds 
With evident mat of fungus hyphae 122 36.36 
Prominent black discoloration and/or evident lesions 193 33.33 
Faint black discoloration 126 22.22 
Black discoloration or lesion at point of peg attachment 196 21.87 
Normal 305 6.23 


For example, of one lot of 250 seeds with blue-black discolored seed coats, 
about one-third (37 per cent) had no detectable discoloration of the coty- 
ledons, about one-half (52 per cent) had cotyledons faintly discolored, and 
about one-tenth (11 per cent) had cotyledons conspicuously discolored. 
This cotyledon discoloration is illustrated in figure 1, G. 

Certain external shell characteristics are correlated with the presence of 
blue-black discolored seeds (Table 1). Field lots containing discolored seeds © 
generally have more discolored or otherwise damaged shells than do lots 
which do not contain discolored seeds. Data in table 1 were obtained by a 
random sampling of field stacks. When shells which had contained dis- 
colored seeds were placed in moist chambers, several fungi grew out of the 
shells. The predominant organism was Sclerotium rolfsti Sace. There was 
some growth of S. rolfsii from shells which had not contained discolored 
seeds, but not to the extent that this organism developed from the shells 
which had contained discolored seeds. 

In table 2 the nitrogen and oil content of discolored seeds, including seed 
coats, is compared with the chemical composition of nondiscolored seeds from 
the same curing treatment and with the chemical composition of nondis- 
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colored seeds from other curing treatments. From these data it is evident 
that the discoloration has not resulted in major changes in important chemi- 
cal constituents of the seeds. In a test for rancidity, discolored seeds from 
a single curing stack were peeled and checked against peeled nondiscolored 
seeds from the same stack. These seeds were checked by eleven people, none 
of whom could detect any odor of rancidity in either seed group. Even 
though the discolored cotyledons in one seed group made it appear that 
there might be an off-flavor, six of the eleven people could not detect any 
off-taste in the discolored seeds. The remaining five thought that the dis- 
colored seeds had a slightly bitter taste. These peeled seeds were roasted at 
325° I. for 25 min. and ground until there was no difference in appearance 
of the two lots. These roasted lots, labeled ‘‘A’’ and ‘‘B,’’ were tasted by 


TABLE 2.—Nitrogen and oil content of blue-black discolored and non-discolored 
Span sh peanut seeds 


Composition, air-dry basis 


7 be oe P Types of seed . - ——— 
j Moisture Nitrogen Crude oil 
Per cent Per cent Per cent 
Stack Discolored 4.76 4.12 48.06 
Do Nondiscolored 
seeds from ] 4.71 4.08 47.84 
Do Discolored 5.14 4.38 49.15 
Do Nondiscolored 
seeds from 3 4.79 4.28 47.07 
5 Windrow Nondiscolored 4.8] 4.02 47.12 
6 Picked off green Nondiscolored 5.05 3.90 48.33 
7 Stubs from topped 
plants Nondiscolored 4.52 4.10 48.30 


24 people. There was no agreement in the reaction of the tasters. The 
ground nondiscolored seeds were picked for off-flavor as often as were the 
eround discolored seeds, and 10 of the 24 tasters felt that there was no 
difference in taste between the two ground lots. 

Approximately 6,000 discolored seeds and the same number of nondis- 
eolored seeds were germinated in field soil. No difference was noted between 
the percentage emergence of plants from the discolored seeds as compared 
with the nondiscolored seeds. The plants from discolored seeds appeared 


fully as vigorous as those from nondiscolored seeds. 


ETIOLOGY 


Numerous attempts to isolate fungi from the discolored spots have been 
made. After surface sterilization, however, no fungus grew from the great 
majority of the discolored seeds. When a fungus was isolated, it was usually 
Sclerotium rolfsii; but this organism grew from less than one per cent of 
the seeds plated. It seemed apparent, therefore, that the discoloration is 
the result of a chemical reaction between some extraneous material and the 


* Chemical determinations by Mr, T. A. Pickett, Department of Chemistry, Georgia 
Experiment Station. 
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pigments of the seed coat. The porous peanut shell will act much as a 
sponge in absorbing materials which can then gradually seep into the seed 
coat. 

In considering possible sources of extraneous materials it was noted that: 
(1) Sclerotium rolfst is prevalent in most of the fields in which Spanish 
peanuts are grown, (2) S. rolfsti was isolated from a few of the discolored 
spots, (3) S. rolfsw grew readily from shells of peanuts containing blue-black 
discolored seeds, and (4) it has been shown that the hyphae of S. rolfsii 
secrete oxalic acid and that this acid diffuses into plant tissue in advance of 
any penetration of the hyphae.° A number of experiments were designed 
to test the hypothesis that the discoloration results from a reaction of oxalic 


TABLE 3.—Laboratory production of blue-black discoloration of Spanish peanut seeds 





Tots Percentage . 2 
Treatment Description of treatment anmane of Sacdienel subomatty of 
No ; discoloration 
ia seeds seeds 
] Green peanuts soaked 24 hours 
in drippings from autoclaved 
culture of Sclerotium rolfsii 132 63.6 Very faint 
2 Green peanuts soaked 48 hours 
in expressed juice of auto- 
claved culture of Sclerotium 
rolf sii 184 75.0 Medium intense 
3 Same as treatment No. 2, but 
partially cured peanuts were 
used 147 40.4 Medium intense 
4 Crystal of oxalic acid kept 
against nuts on living plants 
in damp soil for 72 hours 319 66.5 Intense 


5 Well cured peanuts inoculated 

in moist chamber with 

sclerotia of Sclerotium rolfsii 826 29.3 Very intense 
Control, nuts from same plants 

as those used in treatments 

1, 2, 3, and 5 350 0.0 


acid, secreted by S. rolfsii, on the seed-coat pigments. Table 3 gives the 
methods and results of the most significant of these experiments. 

It was concluded that oxalic acid secreted by the hyphae of Sclerotium 
rolfsii reacts on pigments of the seed coat of Spanish peanuts to produce a 
typical blue-black discoloration. Inoculation, with S. rolfsii, of peanuts 
known to contain no blue-black discolored seeds resulted in the production 
of a considerable percentage of blue-black discolored seeds (Table 3, Treat- 
ment 5; and Figure 1, C). The discolored areas on these seeds are darker 
than the discolored areas on seeds from the field. This darker shade is prob- 
ably due to a chemical change in the pigments of the seed coat during curing. 
The oxalic acid that seeped through the shells of fresh nuts in damp soil 
(Table 3, Treatment 4) produced a seed-coat discoloration which was almost 
identical with that found in discolored lots from the field (Figure 1, D). 


5 Higgins, B. B. Physiology and parasitism of Sclerotium rolfsii Sace. Phytopath. 
17: 417-488. 1927. 
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The resulting discoloration of the cotyledons was also comparable to that 
found in field lots (Figure 1,1). Application of liquid from an autoclaved 
culture of S. rolfsii to green and partially cured nuts (Table 3, Treatment 1, 
2 and 3) resulted in a lighter form of the discoloration in which the interior 
of the discolored area was noticeably bleached. The liquid contained ap- 
proximately 1.7 per cent oxalic acid.® 

Discolored seed coats and cotyledons from both field lots and lots in 
which the discoloration was produced artificially were subjected to qualita- 
tive tests for oxalic acid and oxalates.®° Several tests were used, following 
various standard procedures. There was no indication of oxalic acid or 
oxalates in either of the two types of discolored seeds. No crystals of cal- 


[TABLE 4.—Results of field studies on relation of curing method and weather during 
ng to development of blue-black discoloration of Spanish peanut seeds 


Total Percentage 


No. of Weather : Sa Intensity 
Lot ‘ ‘ number of of dis- ose 
No. samples Curing method during pate-e eahenat of dis- 
in lot curing siinenieiail aan coloration 
28 Wilted, dry plants Hot and 
stacked in field dry 5,000 4 0.00 
5 Do Do 2,000 4 0.78 Very faint 
3 Do Do 4s 2.24 Do 
3 Green, damp plants Warm and 
stacked under damp 
shed 599 70.54 Very intense 
3 Green, damp plants 
stacked in field Do 542 16.67 Do 
Green, damp plants 
windrowed under 
shed Do 462 0.55 Very faint 
7 Plants topped. Nuts 
and roots spread 
under shed Do 466 0.00 
~ 3 Green nuts picked, 
spread under shed Do 491 0.00 
* Lots 1 through 3 from fields in Crisp County, Georgia; harvested during September, 
1946, 
Lots 4 through 8 from field in Spalding County, Georgia; harvested late October, 
1946 


Prominent mats of Sclerotium rolfsii noted throughout stacks when samples for lots 
4 and 5 were taken. 


cium oxalate or similar compounds could be found by microscopic examina- 
tion of macerated discolored seed coats and cotyledons. 

Development of blue-black discoloration in the field was studied in 
Georgia in the fall of 1946. Most of the Spanish peanuts grown in Georgia 
that year were harvested and cured during a period of hot, dry weather. 
Although many of these peanuts were harvested from fields heavily infested 
with Sclerotium rolfsii, early checks made on samples from several fields 
showed that there had been no noticeable development of the discoloration 
in the main crop. Thirty-six samples from the main Spanish peanut pro- 
ducing area of Georgia were examined carefully. None of these samples 


6 Chemical analyses by Dr. L. C. Olson, Georgia Experiment Station. 
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contained any seeds conspicuously discolored, and only eight samples con- 
tained seeds faintly discolored (Table 4, Lots 1, 2, and 3). 

In the middle of December inquiries were made of buyers and shellers, 
and no one reported any noticeable percentages of discolored seeds in peanuts 
marketed up to that time. In early February two of the large peanut brok- 
erage houses which had previously reported no discolored seeds were visited, 
and their Spanish peanuts being prepared for shipment were examined. 
Spot checks showed some lots of peanuts with about one per cent of the 
seeds prominently discolored. There was no way of determining when the 
lots containing these discolored seeds had been placed in the storage bins. 
There are, however, three main possibilities: (1) The discolored seeds could 
have come from lots purchased before the middle of December, but over- 
looked in the broker’s previous report. (2) The discolored seeds could have 
come from lots purchased after the middle of December, and, therefore, 
harvested and cured later than the main crop of 1946. (3) The discolora- 
tion could have developed after the nuts had been placed in storage. In 
connection with the last possibility, one buyer stated that he had placed in 
bins many lots of peanuts he knew to be too damp for proper storage. 

In continuing the field study on development of the discoloration, a late 
planting of Spanish peanuts at Experiment, Georgia, was selected. This 
planting was in a field severely infested with Sclerotiwm rolfsii, and the crop 
was harvested and cured during a period of warm, damp weather. The 
plants were dug and then cured by five different methods. After curing, 
the percentages of blue-black discolored seeds were determined for each 
euring treatment. The methods and results of this experimental work are 
given in table 4, Lots 4 through 8. 

An inter-relationship exists between curing methods and weather con- 
ditions and development of the discoloration (Table 4). The absence of 
prominent discoloration in peanuts cured in stacks during hot, dry weather 
and the pronounced development of discoloration in peanuts cured in stacks 
during warm, damp weather emphasize the importance of weather condi- 
tions. Weather conditions determine rapidity of drying of the curing 
plants and thus influence the amount of discoloration which develops. 

Moisture retained in the curing plants affects the development of blue- 
black discoloration (Table 4). Curing under a shed kept the sunlight from 
the plants and decreased circulation of air through the stack. Almost five 
times as much discoloration developed in the stacks under the shed as in 
the stacks in the field. This may be attributed to the difference in rapidity 
of drying of the stacked plants in the two localities. When peanuts from 
this same field were cured under conditions that promoted rapid drying, 
conspicuously discolored seeds were completely lacking (Lots 6, 7, and 8); 
and only one curing treatment, windrowing under shed, resulted in faintly 
discolored seeds (Lot 6). 

Since the blue-black discoloration did not develop in some lots (Lots 7 
and 8) of peanuts taken from the same field as those lots (Lots 4 and 5) in 
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which it did develop, it is apparent, in this case, that the discoloration devel- 
oped after the peanuts had been removed from the soil. If Sclerotium 
rolfsvi is associated with this discoloration, then the growth of S. rolfsii 
which resulted in this discoloration took place after the plants had been 
removed from the soil. Plants for all but Lot 2 of the eight lots in table 4 
were examined at digging time and the majority of the plants which went 
into each of these seven lots showed indications of the presence of S. rolfsii. 
When threshed, only the plants of Lots 4 and 5 showed any indication that 
there had been a continued development of S. rolfsi. In these lots mats 
of the fungus were evident throughout the entire group of stacks. Thus, 
S. rolfsu had grown from infested tissue of some of the euring plants, and 
had spread, saprophytically, throughout the mass of curing peanuts. The 
presence of conspicuous blue-black discoloration only in these lots which 
showed abundant development of S. rolfsii in the curing stack is taken as 
proof that the discoloration developed in the field as a result of the action 
of oxalic acid secreted by S. rolfsii as it grew over the curing peanuts. 


DISCUSSION 

Blue-black discoloration of Spanish peanuts makes the seed unsightly. 
This, in itself, is cause for concern since it is considered sufficient reason 
for grading down peanuts. Processors would hesitate to use such seeds in 
the manufacture of food products, even if food production regulations did 
not prohibit their use. Some of the results reported indicate a possibility 
that these discolored seeds are not sufficiently different from nondiscolored 
seeds to merit their rejection. It will be necessary to repeat many times 
these tests on taste, chemical composition, and germination of discolored 
seeds as compared with nondiscolored seeds. Only then will it be safe to 
recommend either the use or rejection of these discolored seeds. 

It is possible to eliminate a large proportion of discolored seeds before 
sending the peanuts to the shelling machines, but certain precautions should 
be noted. Damaged shells of the types listed in table 1 are frequently found 
in lots of Spanish peanuts which do not contain discolored seeds. This 
means that it is first necessary to determine, by preliminary sampling, that 
the discoloration is found on the seeds of a given lot of peanuts before the 
shell characteristics may be used as criteria for judging the presence of 
discolored seeds. 

A seed discoloration typical of that found in field lots was produced by 
an extraction of Sclerotium rolfsii seeping through peanut shells, and also 
by inoculation of peanuts with S. rolfsii. Therefore, some substance secreted 
by S. rolfsti may be instrumental in producing the discoloration. Since 
it is known from previous work’ and from determinations on culture extracts 
that S. rolfsii secretes oxalic acid, and since oxalie acid seeping through the 
shells of peanuts also produced the discoloration, the substance involved 
appears to be oxalic acid. The fact that S. rolfsw was isolated from very 


’ See footnote 3. 
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few of the discolored seeds plated indicates that sufficient oxalic acid to pro- 
duce the discoloration is secreted by the fungus growing saprophytically in 
or on peanut shells. The absence of detectable amounts of oxalic acid or 
oxalates in discolored seeds suggests that the discoloration results from an 
indicator reaction, and that the oxalic acid is decomposed in the reaction. 

The evidence connecting oxalic acid secreted by Sclerotium rolfsii with 
the discoloration does not eliminate the possibility that the discoloration may 
sometimes result from the action of organic acids secreted by other fungi. 
S. rolfsti, however, is prevalent in most peanut fields, and is frequently 
found growing rapidly and abundantly over curing peanut plants. It is 
highly improbable, therefore, that other fungi are so important as S. rolfsii 
in producing this discoloration. 

It may be assumed that this discoloration develops, for the most part, 
during the curing process. As shown by lots in which only a few faintly 
discolored seeds are found, the development may be arrested at a very early 
stage. In these cases it is possible that the growth of Sclerotium rolfswi 
which resulted in the discoloration began while the peanuts were still in the 
soil and was stopped by removal of the peanuts from the soil and their sub- 
sequent rapid drying. Then, too, there is a darkening of the pigments of 
the seed coat of peanuts during the curing process. Perhaps this discolora- 
tion develops most readily when the acid reacts with the pigments at the 
same time that the pigments are undergoing the chemical change which 
makes them darker. Sometimes peanuts left in the soil until they have 
become over-mature may have discolored seeds when dug. It is considered 
probable, also, that some discoloration may develop during storage if pea- 
nuts are stored with sufficient moisture in the shells to promote the growth 
of S. rolfsu or other acid-secreting fungi which may be present in or on the 
shells. In general, however, the discoloration which may develop at times 
other than during the curing process may be considered as unimportant. 

It is also evident that as far as stacking is concerned, weather conditions 
during curing will have considerable influence on development of the dis- 
coloration. Since most Spanish peanuts grown in Georgia are cured in 
stacks, this effect of weather is also an explanation for the sporadic appear- 
ance of the discoloration. Little or no discoloration results when stacked 
peanuts are cured during hot, dry weather. Thus, when this type of 
weather holds during the curing season, the stacked plants will dry out 
rapidly and will not retain enough moisture to support the growth of Sclero- 
tium rolfsii in the stacks. Conversely, considerable discoloration of seeds 
results when stacked peanuts are cured during warm, damp weather. When 
this type of weather obtains, during the curing season, the stacked plants 
will not dry out readily and there will be ample opportunity for continued 
growth of S. rolfsii from infested plants in the stack. The situation in 
regard to stacked peanuts in general is somewhat complicated by treatment 
of the harvested plants before stacking as well as by weather changes which 
take place after stacking. Wilting the plants before stacking makes a looser 
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stack and speeds the drying process, whereas stacking green plants makes 
a compact stack in which drying is slow. Also, if stacked peanuts which 
have dried out are subjected to wetting during curing, any S. rolfsii present 
may be able to grow before the plants become dry again. 

Considerable development of this discoloration is reported from Texas 
where field-windrowing is the generally used method of curing peanuts. 
Field windrowing, therefore, is not the answer to the problem of controlling 
this discoloration. Absorption of moisture from the soil and from dew 
apparently maintains sufficient moisture in curing, field-windrowed plants 
to promote growth of S. rolfsu. Then too, the majority of field-windrowed 
plants will be in direct contact with the soil so that there will be ample 
opportunity for S. rolfsii to grow directly from the soil and spread through 
the euring plants. 

Sclerotium rolfsii is prevalent in most Spanish peanut fields. This 
means that, since weather conditions cannot be controlled, and sinee field- 
windrowing does not prevent development of this discoloration, the Spanish 
peanut grower has three choices remaining; First, he may stack his peanut 
plants green and hope that weather conditions will promote a rapid drying 
out of the stacked plants. Second, he may cure his peanuts by some modifi- 
eation of rapid drying methods used in this study. Third, he may wilt the 
peanut plants before stacking them, then stack them carefully with the nuts 
inside [f the interior of the stacks become wet later, a loosening-up of the 
stacks may speed the redrying. Because of limited space, control of the dis- 
coloration by the second method cannot be practiced generally. The third 
method is subject to limitations in that the stacks may sometimes become wet 
and not redry sufficiently soon to prevent growth of S. rolfsu. This method, 
however, is the best means known at present for controlling the discoloration. 


SUMMARY 


A blue-black discoloration of seeds which appears sporadically in Georgia 
is a frequent cause for grading down Spanish peanuts. There is consider- 
able variation between seed lots in percentage of seeds discolored and in 
intensity of the discoloration. Usually, however, when the discoloration 
occurs, a considerable proportion of the seeds are conspicuously discolored. 

Some external shell characteristics are associated with the presence of 
blue-black discolored seeds. These characteristics, however, are sometimes 
found on shells that do not contain discolored seeds. 

Evidence, which is preliminary in nature, indicates that these blue-black 
discolored seeds are not noticeably different in flavor, chemical composition, 
or germination from seeds not discolored. 

[t is concluded that the discoloration is the result of an indicator reaction 
involving the pigments of the seed coat and oxalic acid secreted by Sclero- 
tium rolfsiv. Other fungi which secrete organic acids may sometimes be 
involved, but the prevalence of S. rolfsi in peanut fields indicates that it is 
by far the most important organism associated with the discoloration. 
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Field studies indicate that, in general, the discoloration develops as a 
result of the saprophytic growth of Sclerotium rolfsv over peanuts during 
euring. Development of the discoloration in peanuts still in the soil and in 
stored peanuts is regarded as negligible. When Spanish peanuts are cured 
under weather conditions which promote the retention of considerable mois- 
ture in the curing plants, the discoloration is found on a large percentage 
of the cured seeds. Some curing methods also promote this retention of 
moisture in curing plants. The sporadic occurrence of these weather condi- 
tions, rather than the curing method, is regarded as an explanation for the 
sporadic appearance of the discoloration. 

Weather conditions or curing methods which result in rapid drying-out 
of the curing peanuts and the maintenance of this dry condition result in 
few or no discolored seeds. Control methods, therefore, will have to be cen- 
tered in the curing procedure. 

The most practical method of inhibiting or preventing the development 
of this discoloration is to stack wilted plants carefully and attempt to speed 
the drying of the stacks if they become wet during the curing process. 

DEPARTMENTs OF BOTANY AND AGRONOMY, 

GEORGIA AGRICULTURAL EXPERIMENT STATION, 
EXPERIMENT, GEORGIA. 








PHYTOPATHOLOGICAL NOTES 


Notes on Physiologic Specialization in Leaf Rust of Wheat in China2~ 
Leaf rust is one of the most important diseases of wheat, especially in the 
regions along Yangtze River in China. Information on the number, dis- 
tribution, and prevalence of the physiologic races of Puccinia rubigo-vera 
tritici is urgently needed as an invaluable aid in the production of rust- 
resistant varieties. 

Investigations were started in 1940. Rust collections were made from 
various places in Yunnan, or sent in from Kwangsi, Kweichow, and Szechwan 
provinces in the southwestern part of China. Isolations were made from a 
single uredium in each collection, and the rust cultures from each uredium 
almost always appeared to be pure. LEjighty-nine single uredium isolates 
were studied during 1940-1942. Only 3 races, namely, races 1, 63, and 123, 
have been identified in the collections made both in 1940 and 1941. 

Among the 8 differential varieties, only Brevit varied greatly in its reac- 
tions toward the different races studied (Table 1). All other varieties ap- 


TABLE 1.—Reactions of differential varieties of wheat to physiologic races of 
Puccinia rubigo-vera tritici collected in the southwestern provinces of China in 1940 and 


Infection type on 


Rus eo 
» ; : Mediter- 
Malakof Carina Brevit Webster Loros sa os Hussar Democrat 
anes 
] 0 0~] 0—2 0 0O—] 0-1] 0 0 
63 0 0-2 2-3 0-2 0-1 0 0 0 
123 0 0-2 3—4 0-2 0-1] 0 0 0 


peared to be resistant to the three races. The reactions of the differential 
varieties to race 123 appeared to differ from reactions to any of the 108 races 
registered up to 1939.2 This race was temporarily designated by the writer 
as a new race in 1940, and it was designated race 123 only after Asuyama’s*® 
work was reported. 

The 3 races occurred rather generally in the southwestern provinces. No 
definite geographical distribution can be made until more collections are 
studied. Race 123 is apparently the most prevalent race, constituting more 
than 55 per cent of the collections studied (Table 2). Races 1 and 63 fol- 
low, their prevalences being almost equal.—H. R. Wana, Department of 
Plant Pathology, Peking University, Peiping, China. 

The investigations here reported were conducted by the Division of Plant Pathology, 


Institute of Agricultural Research, National Tsing Hua University, Kwenming, Yunnan, 


[he writer wishes to acknowledge his great indebtedness to C. O. Johnston for 
furnishing the differential varieties and reading the manuscript. And to Professors L. F. 
Tai and T. F. Yu for their interest and encouragement. 

Humphrey, H. B., C. O. Johnston, R. M. Caldwell, and L. E. Compton. Revised 
register of physiologic races of leaf rust of wheat (Puccinia triticina). U.S. Dept. Agr., 
Bur. Plant Indus., Div. Cereal Crops and Diseases. 18 pp. (Unnumbered mimeographed 
pub. 1939. 

Asuyama, H. Physiologic specialization in Japanese wheat rusts. Proc. Pac. 


Congr. 6th 1939) 4: 775-778. 1940. 
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TABLE 2.—Number, distribution, and prevalence of the physiologic races of Puc- 


cinia rubigo-vera tritici in southwestern provinces of China in 1940 and 1941 


No. of collections of 


_ 
, . Total no. of 
Sources of collection - _ 


collections 





Race 1 Race 63 Race 123 

Yunnan Province 

Kunming ] 5 22 28 

Cheng-kung 2 ] 1 4 

lliang ] 1 

Kou-kai 2 2 4 

Lunan ] 1 4 6 

Pansi 3 2 3 8 

Yusi ] 1 

Tunghai ] 2 

Kaiyuan 1 ] 2 
Kweichow Province 

Tsing-lung 1 1 

Kweiyang 2 2 5 9 

Meitan 5 5 10 
Kwangsi Province 

Liuchow ] ] 2 

Kueiling 1 i 
Szechwan Province 

Yung-chang 2 1 3 

Chengtu ] 4 2 7 
Totals 22 18 49 89 
Percentage prevalence 24.7 20.2 55.1 


Brown Stem Rot of Soybean Caused by a Cephalosporium.'—A serious 
disease of soybean has been previously reported and the causal organism 
isolated and its pathogenicity proven.? The identification of this fungus, 
however, has been heretofore impossible because no fruiting on the host or 
laboratory culture media has been observed. This note describes methods 
for inducing sporulation by this fungus on culture media, and the basis for 
classifying it with the genus Cephalosporium. 

Cultures of the brown-stem-rot fungus produced conidia sparsely on 
potato-dextrose agar, oatmeal agar, and potato-dextrose-raisin agar; how- 
ever, no conidiophores with conidia attached were observed. Growth of 
the fungus on these media was extremely slow. It was found that the spores 
could be suspended readily in sterile water by gently flooding the surface 
of a two-month-old culture. These spores, when planted on 2 per cent water 
agar, germinated readily, and conidiophores and conidia were produced 
abundantly in 8-10 days at room temperature. Younger cultures were in- 
duced to fruit by dividing a small portion of the mycelial mat very finely 
and placing the fragments on water agar. Two other media have been found 
satisfactory for inducing sporulation of this fungus. Dr. B. W. Henry, 
Camp Detrick, Maryland, who was given a culture of this organism by the 
junior author for sporulation studies, found that 2 per cent rice polish 


1Contribution from the Plant Pathology Department, Mississippi Agricultural 
Experiment Station, State College, Mississippi. Published with the approval of the 
Director, Mississippi Agricultural Experiment Station, State College, Mississippi. Paper 
No. 138, New Series. 

2 Allington, William B. Brown stem rot of soybean caused by an unidentified fungus. 
Phytopath. 36: 394. 1946. 
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added to 2 per cent agar was a good substrate for sporulation of the fungus, 
Perhaps the best sporulation has been found on a medium consisting of 2 
per cent agar to which was added an extract of green soybean leaves and 
stems before autoclaving. Fifteen to twenty grams of green plant tissue 
were pulverized in a Waring Blendor in 100 ce. water. This mixture was 
then filtered through cheesecloth and added to 900 ce. of the agar-water 
preparation. Growth on this medium was less dense and more prostrate 
than on the potato-dextrose agar. Addition of sucrose to the medium 
greatly inhibited or eliminated sporulation. 

The conidia are produced in irregularly shaped heads and disperse in- 
stantaneously on contact with water. The conidia are ellipsoidal, hyaline, 
and very small (approximately 1.5-2.5 x 2.0-5.0 4). The conidiophores are 
short and usually unbranched. 

A eulture was examined by John A. Stevenson, Principal Mycologist in 
Charge, Mycology and Disease Survey, U. S. Department of Agriculture, 
who substantiated the conclusion that the fungus was a Cephalosporium. 
Dr. B. W. Henry independently identified the organism as a Cephalo- 
sporium. Stevenson kindly furnished a culture of C. acremonium Cord. for 
comparison with the brown-stem-rot organism. In preliminary tests the 
brown-stem-rot organism was not parasitic on corn as C. acremonium is 
reported to be. The soybean fungus grows much more slowly on all culture 
media studied and is less prone to fruiting. It is likely that further studies 
now in progress will establish this parasite as a new species of Cephalo- 
sporium.—JOuN T. PRESLEY, Division of Cotton and Other Fiber Crops and 
Diseases, U. S. Department of Agriculture, and Mississippi Agricultural Ex- 
periment Station, State College, Mississippi, and Wiiu1aAm B. ALLINGTON, 
Division of Forage Crops and Diseases, U. 8S. Department of Agriculture, 


Urbana, Illinois. 


A Corrective Measure for ‘‘Soil Sickness’? Occurring in Sand Media.'— 
**Soil sickness’’ or Bodenmiidigkeit has been recognized over a considerable 
period of time. The detrimental effects on plants by causes other than ecul- 
tural practices, fertilizer, fungi, bacteria (and viruses) have been described 


’ show a gradual decline 


under the term. Crops affected by ‘‘soil sickness’ 
in productivity which is often followed by death of the plants, and the 
inability of the same crop to grow on the same soil. Such phenomena may 
be observed readily in certain regions of Germany where crops such as 
grapes, cherries, and plums have been planted for a long time. Perhaps the 
die-back of peaches in North Carolina and the spreading-decline of citrus 
in Florida are due to a similar phenomenon, that is, ‘‘sand sickness.’’ 

A similar phenomenon may be observed frequently with the extended 
use of growing and propagation media in the greenhouse. When roses are 
grown over a period of time in sand or gravel culture, the plants eventually 

1 Paper No. 2343, Scientific Journal Series, Minnesota Agricultural Experiment Sta- 
tion 947, 

, mes of this work was done at the Chamber of Agriculture, Berlin-Dahlem, Germany, 
and part of it at Yoder Bros., Barberton, Ohio. 
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grow poorly, the roots die, and the flower production declines. When chry- 
santhemum cuttings are rooted in the same sand over a period of two to 
three years, plants in certain sections of the bench become stunted, grow 
little or not at all, and in some cases they die. At irregular intervals the 
roots darken completely and start to distintegrate. Very frequently rust- 
colored lesions appear. These resemble necrotic lesions caused by soil- 
borne pathogens. Often no roots develop, and in many instances if they do, 
they are short, thickened, and gnarled. The plant fails to produce new 
roots, for as soon as they are formed, they darken and die. 

Numerous attempts to isolate possible causal organisms from the lesions 
have met with no success. Bacteria and fungi isolated from the surround- 
ing medium did not prove pathogenic if the plants were inoculated with 
them. No symptoms were observed on any of the plant parts inoculated. 
Soil sterilization with heat, formaldehyde, or chloropicrin did not correct 
this sand condition. The symptoms appeared on the plants whether the 
sand was sterilized or not. Attempts to correct this condition of ‘‘sand 
sickness’’ with liberal amounts of water (300 gal. per 1 cu. ft. of sand) gave 
erratic results. There was partial improvement in some instances and none 
in others. The best means of correcting this condition was removal of ‘‘sick 
sand’’ and replacement with new sand. For large areas this entailed con- 
siderable expense. 

Dilute sulfuric acid had a corrective effect on the sand. Under the con- 
ditions of the experiments, it was found that a one per cent concentration 
of sulfuric acid was satisfactory when applied at the rate of 5 gal. per 20 
sq. ft. of bench space having a depth of 4 inches. After the treatment, the 
sand was flooded with water in order to counteract whatever residual effect 
the sulfuric acid might have on the crops to be planted. 

In order to test the effectiveness of the method, chrysanthemum plants 
which had been grown previously on sick sand, and in which the symptoms 
of sand sickness appeared, were transferred to treated sand. On this 
medium, they recovered completely and formed healthy new roots. Plants 
grown in the treated sand and then removed to ‘‘sick’’ sand succumbed to 
the ‘‘sand sickness.’’ 

The application of sulfuric acid was so effective that it was not necessary 
to remove plants from sick sand. By placing asphalt-coated, tin collars 
around the plants, then treating tke outside area with sulfuric acid as de- 
scribed, new healthy roots invaded the treated sand a short time after 
removal of the tin collars. When oats were used as test plants (Neubauer 
test) it was found that the 
lings without causing any visible root injury, while in the treated sand the 


+e 


sick sand’’ stunted the growth of young seed- 


growth of the seedlings appeared normal. 

It is believed that instead of frequent changes of sand or gravel under 
greenhouse conditions, the application of this method will greatly reduce 
E. O. Maver, Division of Plant Pathology and Botany, 
University Farm, St. Paul, Minnesota. 


production costs. 











BOOK REVIEWS 


List of Common British Plant Diseases. Compiled by the Plant Pathology Committee of 
the British Mycological Society. 61 pp. Cambridge University Press. 1944, 
5s net. 

\rranged alphabetically by hosts, the list is a convenient compilation of the more 
common plant diseases occurring in the British Isles. In addition the list provides care- 
1 considered and selected common names for plant diseases which, it is hoped, will 





encourage uniformity of usage. In most cases the preferred common name is one in 
common use in the United States. In divergent instances the American name is also 
listed \ valuable feature is the listing and indexing of many foreign common names 
of plant diseases, including French, Italian, German, Dutch, Danish, Swedish, Spanish, 


and Russian terms. The nomenclature of fungi is generally in accord with common usage 
and synonyms are included when they contribute to clarity. The Committee has appar- 
ntly given much consideration to nomenclatorial principles and avoidance of undesirable 
changes in scientific names. Pending consideration of the problem at the next Interna- 
tional Botanical Congress the Committee wisely avoided recommending any one system 


of virus nomenclature. 


The hosts are arranged alphabetically by common names; however, an index of Latin 
names of hosts and parasites makes the list usable by those unfamiliar with English com- 
mon names. The careful attention accorded preferred common names, nomenclature and 


indexing gives the list unusual value.—C. M. TucKER, University of Missouri, Columbia, 


GAUMANN, ErNst O. Pflanzliche Infektionslehre. 611 pp., 311 figs. Verlag Birk- 
hiuser. Basel, Switzerland. 1946. Swiss Fr. 48.50. 


‘Pflanzliche Infektionslehre’’ is a thoroughly modern book on the general prin- 
ciples of plant pathology. It is well written in readable German, and is extremely valu- 
able not only as a compendium of information on general principles of plant pathology 
but also as a reference book. It is not a mere description of plant diseases and pre- 
scriptions for their control; it is rather a book in which pathological phenomena have 
been grouped logically and in which principles are based on an abundance of scientific 


The book is divided into six chapters, each subdivided in such a way as to make the 
table of contents a clear guide to the various materials included. 

In Chapter 1 are discussed the phenomena of infection, including the methods of 
entrance of pathogens into host plants, the time required for infection, incubation, and 


fructification of the pathogen, the avenues of entrance, and the histological relationships 
vetween pathogen and host. The effect of environmental conditions and various other 
ctors on the various processes are clearly and adequately discussed. 
Chapter 2 is devoted to sources of inoculum, the various agents of dissemination, and 
thie Baad 


the ictors affecting the development of epidemics. 
In Chapter 3 are considered the pathogenic potentialities of the various kinds of 


pathogens, including genetic differences and variability due to nuclear phases in the 
developmental cycle of the organisms, genetic and physiological changes in pathogens, 
the influence of the host under various conditions, and the interactions of various organ- 
isms in mixed infections. 

Chapter 4 deals with disease resistance and susceptibility. The various factors 
affecting disease resistance are discussed, and the variability of resistance and suscep- 
tibility are well brought out. The development of resistant varieties and the mode of 


inheritance of disease resistance are discussed at some length. There is included also 
a good discussion of predisposition. 


Chapter 5 is a good compendium of information on the nature of disease, including 
signs and symptoms and morphological and physiological changes resulting from disease. 

Chapter 6, which is the shortest one in the book, gives the general principles on 
vhich methods of control are based. This includes prevention of infection, the use of 
resistant rieties, proper soil management, and chemotherapy. 

\lthough the emphasis is on general principles, the book is useful practically also, 
because of the detailed discussions on the physiology, ecology, and genetics of plant 
pathogens in relation to development of disease. Likewise, the relations between the 
morphology, physiology, ecology, and genetics of host plants are used to explain the 
variable disease reactions of host plants. 

It probably will be agreed by most plant pathologists that plant pathology is both an 
applied and pure science. Professor Giumann’s book is a good illustration of the fact 
that concentration on basie principles furnishes the soundest foundation for practical pro- 
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cedures. The complexity of the science, with its dependence on basic sciences, is clearly 
brought out by numerous, well-chosen examples. The many photographs, graphs, and 
tables add to the ease of comprehension of the facts and concepts in the book. 

All plant pathologists will welcome this book, not only for its utility but also because 
of the fact that it shows how thoroughly scientific the study of disease phenomena in 
plants has become. It is refreshing and stimulating to read a book of this nature, in 
which examples to illustrate principles are chosen because of their pertinence rather than 
because of their economic importance. The book is a scholarly treatise for which patholo- 
gists owe Professor Gaiumann a debt of deep gratitude.—E. C. STAKMAN, University 
Farm, St. Paul, Minnesota. 


Cook, MELVILLE T. Viruses and virus diseases of plants. 244 pages, 20 illus. Burgess 

Publishing Co., Minneapolis, Minnesota (photo-offset). 1947. $4.00. 

This book is an extensive review of the literature relating to plant viruses and should 
prove to be a handy and useful reference for both students and research workers on 
viruses. The book does not deal with specific diseases, or viruses as such, and in this 
respect would be less useful to the general plant pathologist or extension worker. Dr. 
Ceok has divided the subject into six chapters as follows: (1) Introduction; (2) Theories 
as to Cause of Virus Diseases; (3) Nature and Properties of Plant Viruses; (4) Reaction 
of Hosts to Viruses; (5) Transmission of Viruses; and (6) Control of Virus Diseases of 
Plants. These chapters are, however, treated under a total of about 175 subtitles, listed 
in the table of contents. It is, therefore, relatively easy for the reader to locate a phase 
of the subject on which information is sought. 

The text leans considerably toward the historical and chronological side of the sub- 
ject. In this respect it is a valuable supplement to other textbooks dealing more inten- 
sively with recent experimental results, analyses, and interpretations of data. There is 
a tendency for new researchers in a field to overlook historical backgrounds that may often 
help to interpret data and develop new leads for investigation. Dr. Cook has recorded 
some of the earliest theories and conceptions as to the nature of virus diseases of plants. 
An especially interesting feature of the book is 12 chronological lists of selected contri- 
butions of knowledge to special phases of the subject, with the appendix including a list 
of about 300 ‘‘highlights’’ of the entire subject dating from 1576 to 1945. The bibli 
ography contains about 1100 references, no doubt one of the largest yet published for 
plant viruses. An author index and general index is included. 

The type of printing (photo-offset) no doubt accounts for only about 20 illustrations 
being used, and this detracts in some measure from the value of the book. The material 
on the whole is well organized, although one may disagree with certain groupings that 
seem to lead to some repetition and confusion. For example, Chapter 2 entitled ‘‘ Theories 
as to Causes of Virus Diseases,’’ includes as one of ten theories a subheading on ‘‘ The 
Virus Theory.’’ In a book covering the whole field of a subject as complicated as the 
plant viruses, even though no consideration is given to the animal viruses, it is not sur- 
prising that some important contributions are omitted and that other less significant or 
even disproved conclusions are accepted. The author resorts more frequently to direct 
quotations from original papers than may be justified by the circumstances. Although 
Dr. Cook has presented interpretations and short summaries in some sections of the book, 
there is more need for it in other sections with the purpose of starting the beginning 
student off in the safest direction. In view of Dr. Cook’s long experience in the field 
of plant pathology, it is unfortunate that these discussions are not more critical. In- 
accuracies and typographical errors are not unusual in number for a publication of this 
size. Altogether this book summarizes our knowledge of plant viruses in a convenient 
and readable form, and copies of it should be made available in biological libraries to all 
students of plant pathology. The virus specialist may find opportunity for disagreement 
and criticism, but it is on such soil that the science of the viruses appears to thrive.— 
JAMES JOHNSON, University of Wisconsin. 





ANNOUNCEMENT 


The thirty-ninth annual meeting of The American Phytopathological 
Society will be held with A.A.A.S. at the Hotel Stevens in Chicago, Illinois, 
December 28-31, 1947. There will be joint sessions with The Potato Associ- 


ation of America, The Botanical Society of America, and The Mycological 
Society of America. All meetings will be held in Hotel Stevens. 

Abstracts of papers to be presented at the meeting must be in the Office 
of the Secretary of The American Phytopathological Society by October 15, 


1947. 




















